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PREFACE 


IN wRITING this book, the author has had in mind the difficulties 
which confront the student of industrial management or the junior 
executive who aspires to greater responsibilities, when he attempts to 
obtain a broader and more complete understanding of the fundamentals 
and the work of factory management. Accordingly, an effort has been 
made to draw a clear picture of the fundamental functions and prin- 
ciples of factory organization and management and their relations to 
one another. It was felt that while the character and extent of their 
development may vary, most factory organizations perform essentially 
the same fundamental functions. While the character and manner 
of their application may vary, the fundamental principles of factory 
management, to a large extent, are universal in their application. A 
thorough understanding of these principles and functions is prerequisite 
to progress in the field of factory management. 

The author’s experiences in teaching the subject has led him to 
feel that one of the greatest obstacles to the student's acquiring a thor- 
ough understanding of the fundamentals of the subject is his difficulty 
in visualizing the problems of management, due to his lack of back- 
ground, Therefore, the book has been generously illustrated through- 
out. 

The management problems in one plant are never exactly the same 
as in another, even in the same industry. Such differences are inevitable 
because of differences in plant, personnel, equipment, product, location, 
and other factors. While the principles involved, and to a large extent 
the method of attack, may be the same, the solution may be quite 
different. To a considerable degree, therefore, routines are peculiar to 
the particular plant. Accordingly, those routines which are described 
are intended merely to illustrate and emphasize the principles being 
discussed. For the most part, they are taken from the practice of 
medium-sized or large plants. While the same functions may be present 
in the small plant, usually it is necessary to combine them in the 
interests of economy. Consequently, it is less easy to study their per- 
formance. 

While it is intended primarily for the elementary student of the 
subject, it is hoped that the book will find favor in the eyes of experi- 
enced executives in so far as it records some of the more advanced 
management practices and the more important trends in modern man- 
agement. 
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Vill PREFACE 


In reading many books dealing primarily with factory management, 
the author has noted a tendency to indulge in discussions of subjects 
primarily in the fields of distribution or finance. Except where it has 
been necessary to make clear the relations of certain problems in these 
fields to the work of factory management, the author has consciously 
restricted himself to a discussion of those subjects which may properly 
be considered to come within the field indicated by the title of this book. 
No criticism of such books is implied. It is recognized that such broad 
treatment may be necessary in some cases. 

It is hoped that along with other good books in the field, this book 
may aid in stimulating an interest in the application of more exact 
methods to the problems of factory organization and management, to 
the end that more accurate solutions, equitable in their relations to the 
interests of the employer, employce, and the public, may result. 

It is desired to acknowledge the helpful criticisms of Professors 
M. B. Hammond, and Willis Wissler of the Ohio State University, 
and Mr. John A. Fisher, Consultant in Management. In adddition, 
it is desired to acknowledge the contributions of valuable illustra- 
tive material by the following concerns: The Kearney & Trecker Co.; 
Lockwood, Greene & Co.; The Austin Company; The Jones & 
Lamson Machine Co. ; The National Lamp Works; The Goodyear Tire 
and Rubber Co.; The Perfection Stove Company; Remington Rand, 
Inc.; The Winchester Repeating Arms Co.; The C. & G. Cooper Co.; 
The Brown & Sharpe Manufacturing Co.; The Thompson & Lichtner 
Co.; Dwight V. Merrick, Time Study Consultant; The Westinghouse 
Electric and Manufacturing Co.; The White Motor Company; The 
Robbins & Myers Co.; The Pure Oil Co.; The Procter & Gamble Co. ; 
The Seiberling Rubber Co. ; The White Sewing Machine Corporation ; 
The Berger Manufacturing Co.; The Durand Steel Locker Co.; The 
Harnischfeger Corporation; Manning, Maxwell & Moore; The Niles, 
Bement, Pond Co.; The C. O. Bartlett & Snow Co.; The Chain Belt 
Company; The Lamson Company; The Yale & Towne Manufacturing 
Co.; The Elwell-Parker Electric Company; The Stuebing, Cowan Co.; 
The Clark Tructractor Co.; The Plimpton Lift Truck Corporation; 
The Cleveland Crane and Engineering Co.; The Nash Motors Co.; The 
Van Dorn Jron Works; The Warner & Swasey Company; The United 
States Steel Corporation; The Scott Company; The National Cash 
Register Company. 

RALPH CurRIER Davis. 
CoLUMBUS, OHIO 


Nov. 15, 1927. 
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MANAGEMENT 


CHAPTER I 
THE DEVELOPMENT OF MODERN MANAGEMENT 


The Economic Development of Man. ‘The progress of man to his 
present state of civilization was relatively slow until the nineteenth 
century. Prior to this time power had not been applied to the produc- 
tion of goods. [fficient organizations and methods for production were 
not developed until long after machinery had been widely introduced. 
It is our purpose to examine these relatively new organizations and 
methods in order to learn something of their operation and the prin- 
ciples on which they are based. Jn order to do so intelligently, it is 
necessary to review briefly some of the economic developments which 
have led up to them. During his development, man has passed through 
certain general economic stages. In the hunting and fishing stage, he 
lived almost entirely on the bounties of nature. Flis food consisted of 
the meat of wild animals, fish, fruits, and vegetables. His garments 
were animal skins. There was no production as we understand the 
term today, and practically no accumulations of economic goods. 

In the pastoral stage, he had learned to domesticate and breed cer- 
tain of the wild animals which he formerly hunted. By so doing he 
had introduced a primitive form of production and made his food 
supply more certain. The natural increase of his flocks resulted in the 
accumulation of a form of wealth, which made possible greater leisure 
for the more influential or gifted members of the primitive, tribal com- 
munity. This partial freedom from the work of satisfying physical 
necessities is a prerequisite to the development of the arts and sciences, 
and in turn to the development of better production methods. 

In the agricultural stage, man had learned to cultivate certain of 
the wild grains. Once more he had advanced his economic state as he 
had further stabilized his food supply, increased his ability to produce 
the necessities of life, and furthered the accumulation of wealth. With 
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this advance came greater leisure for a greater number. As compared 
with the life of the modern worker, however, the life of most people 
was extremely hard. Until approximately the eighteenth century, 
people lived largely under agricultural economy. In the Middle Ages, 
production was largely agricultural, and exchange consisted chiefly of 
the barter of agricultural products. There was comparatively little 
trade between cities and less between countries. 

The last stage of man’s economic development is the industrial 
stage, which is characterized by the widespread use of machinery, 
greatly increased per capita production, the use of large aggregations 
of capital, mass production, a minute division of labor, intricate ma- 
chinery for the exchange of goods, and many other social and economic 
phenomena. There has been no sharp dividing line between the various 
stages in the economic development of man through the ages. Ex- 
amples of all of them may be found in various parts of the world today. 
The Beginnings of the Industrial Stage. Under the feudal system 
of government, predominant in Europe from the ninth to the fourteenth 
century, agricultural economy predominated. The family was a self- 
supporting unit. It raised its own food supply, spun the material for 
its clothing, and supplied itself with simple necessities. Any surplus 
of agricultural production usually went to the feudal lord. For the 
great masses of the population there was little opportunity for the 
accumulation of wealth and relatively little leisure. The development 
of the mechanical arts proceeded slowly and was, for the most part, 
in the hands of itinerant craftsmen. 

Gradually, various free cities became established throughout 
Europe. They enjoyed a large measure of self-government, although, 
in most instances, they owed allegiance to some feudal lord. Freed- 
men and craftsmen of various kinds gravitated to these cittes. Under 
the more favorable conditions which obtained, the arts and crafts were 
developed to an extent not previously known. Many cities became 
noted for their development of certain crafts. For example, Shefheld, 
England, became noted for its steel. The growth of the free cities 
marked the beginning of the separation of a considerable portion of 
the population from the soil. 

These developments led up to the handicraft period. Under the 
more primitive agricultural systems, craftsmen were largely itinerant. 
They performed their work at the homes of their customers, using 
the materials furnished by them. They owned their few simple tools. 
As the handicraft period developed in the cities, the master craftsman 
gradually began to perform his work in his home or shop, using his 
own materials or those brought to him by his customers. 

The growth of the guild system was a parallel development. With 
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the growth of the free cities in England, many powers of government 
were delegated to their governing bodies by the feudal overlord. The 
power to regulate quality, prices, the wages of journeymen, and similar 
powers were originally reserved to the state. With the growth of the 
cities the duties of government became so onerous, that the power to 
regulate the crafts was delegated gradually to the guilds. To some 
degree, therefore, they were representatives of the state in these 
matters. 

The guilds cannot be compared closely with the present-day labor 
unions. They were vertical combinations, including all engaged in the 
craft, from the master down to the apprentice. The master was more 
like the owner and manager of a business than he was like the modern 
workman. The modern trade union is a horizontal combination of 
workers, tending to draw a sharp dividing line between those who own 
and manage and those who merely sell their labor for wages. 

Under the guilds, a hard and difficult apprentice system was 
developed. Laws were enacted for the control of the system. The 
wages and conditions under which the journeymen worked were very 
poor. Efforts on the part of journeymen to better their condition were 
suppressed on the theory that they constituted conspiracies against the 
state. For the most part, however, the journeymen and apprentices 
worked in harmony with the masters. For one reason, it was com- 
paratively easy to become a master after serving an apprenticeship. No 
great accumulation of capital was required before one could set up in 
business as a master. The guilds flourished from the twelfth to the 
fifteenth century. They declined during the sixteenth and seventeenth 
centuries, due partially to the gradual imposition of restrictions making 
it increasingly difficult to become a master and the results of widening 
markets. 

Toward the end of the guild period the masters distributed work 
to journeymen, who performed it in their homes, under the supervision 
of the master. This system, generally referred to as the cottage stage 
of production, developed during the fifteenth and sixteenth centuries. 
Gradually, masters began to assemble numbers of Journeymen in one 
building. Work was collected by the master, performed by the journey- 
men, and distributed by the master, who collected payment. The 
assembling of a relatively large number of journeymen under one roof 
enabled the master to handle more business, gain greater efficiency, 
through some primitive division of labor, and greater profit. It tended 
to divorce the master from the work and led directly into the factory 
system. 

During the middle of the eighteenth century a number of inven- 
tions were developed in England, within a comparatively few years, 
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which resulted in the Industrial Revolution. In 1765, Watt perfected 
the steam engine. By this development the application of steam power 
to the production of goods was made practical. However, the steam 
engine was not introduced into industry until the latter part of the 
century. In 1770, Hargreave’s spinning jenny was invented, which 
resulted in the saving of much hand labor in the spinning of yarn. In 
1771, Arkwright applied water power in a spinning device called the 
water frame. In 1779, Crompton's “mule’’ spinner was developed, 
embodying the features of both previous inventions. Cartwright’s 
power loom for the weaving of cloth was invented in 1785. These 
inventions had far-reaching effects and probably marked the beginnings 
of the modern factory system, although primitive factories using simple 
hand devices were in existence prior to this time. 

The Industrial Revolution was characterized by two _ great 
changes—the transfer of skill from the worker to the machine, and 
his loss of control of the tools of production. The resulting sudden and 
great increase in production per employee caused great unemployment 
and suffering in the textile industry. The transfer of skill to the 
machines rapidly eliminated many trades that had been learned by hard 
and long apprenticeships. Widespread opposition to the introduction 
of these inventions developed. In some of the textile centers the 
workers invaded the factories and wrecked the machines. These inven- 
tions represented real progress in the art of textile production that 
could not be stopped by violence, and gradually the old hand methods 
were displaced. ‘The deplorable conditions which developed from the 
change probably have been a factor which has negatively influenced the 
mind of the English worker regarding the introduction of devices and 
methods designed to increase individual output and to transfer hand 
skill to machines. Today it is widely realized that such developments 
lower the costs of goods, broaden markets, and eventually result in 
greater employment, with better standards of living. 

With the widespread introduction of machinery, the capital require- 
ments of a new enterprise were greatly increased. The opportunity 
for a journeyman to engage in business on his own account was corre- 
spondingly diminished. He gradually lost control of the tools of pro- 
duction. This development hastened the separation of those who own 
and manage and those who operate. 

The Development of Industry in America. The English Colonies 
in America did not pass through the early stages of economic develop- 
ment, but for the most part commenced at the handicraft stage, which 
had been reached in England. Isolated communities, remote from the 
coast. were exceptions to this. The Revolutionary War took place 
during the period of the Industrial Revolution. The development of 
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the factory system in the United States began after the war. The 
first textile factory in the United States was established in 1790. 

An important development which began in early Colonial times 
and continued rapidly until the close of the nineteenth century was 
the widening of markets. Even with the development of the great 
cities of England and Europe, trade was conducted chiefly within the 
territories immediately contiguous to them, for many centuries. With 
the conditions of production controlled by the guilds, competition was 
conducted on a quality rather than a price basis. One of the great 
functions of the guilds was the regulation of quality... Under such a 
system, labor costs are not an important competitive factor. As mar- 
kets widen and goods are distributed over an increasing area, large 
producing centers are brought into competition with one another. It 
becomes more and more difficult for local organizations to enforce 
price and quality regulations. The price factor in competition increases 
in importance. Wages, as a factor in the cost of production, are 
forced on the attention of the masters. The temptation to reduce 
wages is introduced. There appears a widening breach between the 
interests of employers and employees. Toward the close of the eight- 
eenth century, gradually-rising living costs resulted in numerous efforts 
by journeymen to better their condition. Their efforts were opposed 
by employers and others interested in fostering England's growing 
foreign trade. Parliament was flooded with petitions to suppress these 
so-called conspiracies of journeymen. As a result, by 1812, most of 
the early laws designed to regulate and protect the condition of the 
apprentices and journeymen had been wiped out. 

In America the widening of markets began with the development 
of coastwise trade in the Colonies. It continued with the development 
of post roads and the use of inland waterways. It was greatly accel- 
erated by the development of canals between 1817 and 1837, the build- 
ing of railroads which began about 1830, and the invention of the 
telegraph in 1844, which greatly facilitated communication between 
various centers. 

As the conditions of production and distribution became more com- 
plex, a tendency to specialize developed, which led to the development 
of the manufacturer, wholesaler, retailer, consumer method of produc- 
tion and distribution. It has made it more difficult for the manu- 
facturer to control the conditions under which he produces. 

With the growth of industry and commerce, it 1s necessary that 
large sums of money be advanced before the processes of production 
and distribution can be performed. Advances to labor in one form or 
another must be made long before products can be exchanged. In 
the United States the growth of strong financial groups and sound 
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financial methods paralleled the growth of industry and commerce. 
Today, the banking function occupies a vital position in the economic 
structure. 

The development of the factory system both here and abroad has 
resulted in an increasing division of labor. In the handicraft period, 
the craftsman performed all of the operations in the production of his 
wares. He developed great hand skill and pride in workmanship. 
Today, much of this hand skill has been transferred to machines. To 
a large extent, these machines also have been specialized and perform 
but one or two operations in the manufacture of the product. As a 
result, the modern workman may perform, day after day, only a few 
simple hand movements that require a minimum of thought. He 
may have little knowledge of the relation of his work to the other 
processes. As a result, his interest is not in his product, but in seeing 
how much wage he can get for the least effort. However, the advan- 
tages of the division of labor are greater than its disadvantages. If 
the workman performs only one or two operations on the product, he 
acquires by repetition greater skill in their performance than he would 
if he produced the complete product. The quantity and quality of his 
production are increased. He can be trained to perform these simple 
operations satisfactorily in a much shorter time than he could be trained 
to produce a complete product. The transfer of hand skill to machin- 
ery is facilitated, resulting in further increases in production. For 
these reasons, the division of labor has become an important factor 
in social and economic life. 

These tendencies developed slowly up to the time of the Civil War. 
The factories which existed were comparatively small. They were 
dominated by the owner, who, in many instances, worked at a bench 
beside his employees. There was often a close personal relationship 
between them. The probability that serious grievances would receive 
adequate consideration was greater than in large modern factories 
with their more impersonal relationships. Probably these more per- 
sonal relationships did much to counteract the effects of those economic 
forces, tending to widen the breach between the employer’s and 
employee’s interests, which have been previously noted. Professor 
Groat? states that the first real strike in the United States occurred 
in 1741. Nevertheless, there are relatively few instances of serious 
industrial strife until after the Civil War. 

Developments Following the Civil War. Following the Civil 
War, the United States experienced a great industrial expansion. The 
means of communication and the exchange of goods were rapidly 
developed. During the ’seventies and ’eighties the use of the telegraph 
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was extended and railroad building was carried on in the West at 
such a pace that it became one of the important causes of the crisis 
of 1883. A flood of immigration bringing cheap labor to the United 
States was an important factor in the expansion. It caused consid- 
erable change in the conditions of labor and a reallocation of work to 
various labor groups. 

The interchangeable system of manufacturing, originated in 1798 
by Eli Whitney in connection with the manufacture of guns, was 
further developed and greatly extended. Under this system, limits of 
variation from the engineering dimensions are established for each 
part. Holding devices are designed to hold the work in the correct 
position for proper processing by the tool. The machine is adjusted 
and the tool is designed and set up in such a manner that the part is 
processed within the limits of variation for the particular operation. 
As shown in Plate 1, the workman has only to start the machine and 
place the pieces in the fixture. The machine then performs the opera- 
tion correctly. Under such conditions, there has been not only a trans- 
fer of skill to the machine, but also a considerable transfer of thought. 
While the interchangeable-parts system tends to extend the division of 
labor and the automatism of work, to the detriment of the employee’s 
creative individuality, it also has distinct benefits. In the long run, 
these benefits are the more important consideration. 

The period between 1870 and 1900 was marked by the rapidly 
growing aggregation of capital and the development of large indus- 
trial units. Partially, as a result of the development of the inter- 
changeable system of manufacturing, there was a widespread intro- 
duction of labor-saving machinery. The great improvements in 
mechanical processes and the economies growing out of mass produc- 
tion resulted in the rapid development of industrial prominence by the 
United States. The further division of labor and transfer of hand 
skill to machinery resulted in the enlargement of the group of semi- 
skilled or unskilled labor. In large industrial units there was a gradual 
loss of contact between the employees and management. In many 
industries, it became almost impossible for the average worker to 
engage in manufacturing independently. Keen competition threw the 
question of labor costs into sharp relief and caused unduly low wages 
in many instances. Resulting conditions caused the organization of 
many of the great labor unions. The American Federation of Labor 
had its beginning in 1881. 

After 1890 there was a rapid growth in the corporate form of 
ownership. The horizontal and vertical integration of industry pro- 
ceeded on a large scale as the benefits of mass production and the 
control of materials and markets were realized. The extent to which 
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competition was controlled or eliminated aroused a fear in the public 
that the means of production might become unduly controlled by capi- 
talists and the leaders of industry, to the detriment of the public inter- 
est. Asa result, between 1900 and 1910, laws for the control of the 
so-called “‘trusts’’ were passed by Congress and the legislatures of the 
various states. This tendency toward extensive integration resulted in 
many cases in a considerable separation of the control and operation 
of our great industries. Today, there are many large corporations 
whose general offices are located in some great industrial or financial 
center. The high executives are interested chiefly in the financial 
control of the corporation. The actual operation of its plants, which 
may be located at widely separated points throughout the country, 1s 
delegated to subordinate managing executives stationed at these plants. 
There is likely to be a complete loss of contact between the employees 
and those who control the industry. Policies are considered from a 
financial viewpoint to such an extent that the interests of the employees 
are not properly appreciated. The movement tends to divide more 
sharply those who own, manage, or operate. Grievances which may 
be insignificant in the beginning, are allowed to grow until they cause 
a loss of morale and individual efficiency, and in some instances develop 
into serious trouble. In order to overcome this condition, many cor- 
porations have established personnel departments which deal solely 
with problems of labor relations. 

After a certain point has been reached in the integration of indus- 
try, there is likely to be a gradual loss of efficiency as the industrial 
units become larger and larger. They are affected by the law of 
diminishing returns. Those to whom the functions of management 
are delegated may not display the same mterest and efficiency as the 
owner and manager of the small plant, although their knowledge of 
management may be greater. Employers and employees no longer 
have a close community of interest. The worker is apt to do the least 
that he can do and hold his job. There is a tendency to outgrow the 
methods which may have been satisfactory in the past without realiz- 
ing that this has taken place. Usually, no proper study of the develop- 
ment of modern management methods is made until conditions become 
acute. 

The Development of Modern Management Methods. Realization of 
these conditions led Frederick W. Taylor to develop his philosophy of 
scientific management. While connected with the Midvale Steel Co., Tay- 
lor was impressed with the fact that there is great waste in industry due 
to the fact that men, materials, and machines are not used to the best 
advantage. From 1880 to 1903, he developed fundamental policies 
and methods which are the basis of modern management today. In 
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1890, he left Midvale to engage in consulting practice. In 1895, he 
published an article on his piece-rate system, which included a state- 
ment of his philosophy of management. This article received wide- 
spread attention and had a considerable effect on management thought. 
Unfortunately, the majority of business men seized the idea of piece- 
work without realizing that a sound, rational basis of management 1s 
necessary for the successful operation of any system of wage payment 
in proportion to production. In 1898, he was employed by the Beth- 
lehem Steel Co. and resumed his development of management methods. 
His study of the handling of pig iron at this company is a classic 
example of job standardization and the application of the principle of 
wage payment in proportion to production. Because the public, for 
the most part, had failed to appreciate the principles of management 
that he had announced, he wrote his paper on Shop Management, which 
was presented to the American Society of Mechanical Engineers as his 
presidential address, in 1903. While many of the methods outlined 
in this book have been rendered obsolete by modern developments, the 
principles which he laid down are fundamental. 

Following the termination of his connection with the Bethlehem 
Steel Company, in 1901, he engaged in the installation of his methods 
in various plants, research in management problems, and in populariz- 
ing his philosophy. The Link Belt Company and the Tabor Manufac- 
turing Company are two of the best known of these installations. 
Taylor and an associate, Maunsel White, conducted a series of investi- 
gations of the laws governing the cutting of metals. One of the results 
of these experiments was the discovery of high-speed steel, which revo- 
lutionized the machine-tool industry and metal-working methods. The 
results of this work were presented in 1906, in his paper entitled, The 
Art of Cutting Metals. Mr. Taylor’s remarkable work in the advance- 
ment of the science of management makes him the outstanding pioneer 
figure in this field. He continued his work until his death in 1915. 

Associated with Mr. Taylor were a number of men who later car- 
ried on and extended his work. Of these possibly Carl Barth and H. 
L. Gantt are the most notable. Barth has contributed considerably 
to the literature of scientific management, and Gantt is known for his 
Work, Wages, and Profits and other writings. Both engaged widely 
in the installation of modern management methods. Mr. Gantt died 
in 1922. There are many other names, such as Henry R. Towne, H. 
K. Hathaway, Frank B. Gilbreth, Sanford E. Thompson, Morris L. 
Cooke, and James M. Dodge, that will always live in the literature of 
scientific management. One of the outstanding management pioneers 
is Harrington Emerson. Although a contemporary of Taylor’s, his 
development of the principles and practices of modern management was 
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conducted independently. Through his writings and oral statements 


he has profoundly affected scientific management thought. . 
Developments Since the World War. The World War did much to 


focus the attention of industrial leaders on the question of scientific 
management. The necessity for utilizing available productive resources 
to the utmost made it necessary to examine management methods more 
carefully than ever before. The Ordnance Corps of the United States 
army had a section which specialized in the work of bringing up the 
operating efficiency of the plants which supplied the needs of the army. 
Much was written on the question of scientific management which 
tended to familiarize the public with it. During this period, and the 
post-war boom of 1919 and 1920, many industrial organizations en- 
gaged independently in the work of modernizing their management 
methods. 

With the depression of 1921 some of this work fell by the way- 

side. Yet, it is interesting to note and most hopeful, that today a large 
number of industrial leaders are continuing the work. Such contribu- 
tions as Waste In Industry and Business Cycles and Unemployment, 
which resulted from the President’s Conference on Unemployment, 
held in 1921, have done much to focus the attention of manufacturers 
on the need for more scientific management methods. The Depart- 
ment of Commerce, under the direction of Mr. Hoover, has been 
very active in many phases of the work of promoting greater ef- 
ficiency in the operation of American industry. 
Taylor’s Philosophy of Management. The work of management con- 
sists of the determination of policies, the development of methods, the 
building of organizations, and the operation of these organizations for 
the economic production and distribution of goods and services. 

Dr. Taylor defined management as “knowing exactly what you want 
men to do, and then seeing that they do it in the best and cheapest 
way.” * It is too often the case that the management of a concern 
may know what it wants men to do, but it has no exact knowledge 
of what constitutes the best and cheapest way. The operating methods 
employed are largely the result of past experience. In many instances 
they have been developed under conditions of business which no longer 
exist, and as a result the methods may be entirely inadequate. No 
logical or continuous effort is carried on to analyze operating problems 
with regard to the operating methods employed. Taylor’s definition 
of management implies the application of methods of scientific analysis 
to the solution of business problems. The use of analytical methods 
is one of the foundation stones of scientific management. 

In Shop Management there are four ideals of management that 
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run through his discussion as a central theme: (1) High wages should 
be paid to the employee for the attainment of exact, accurate, and just 
standards of production. ‘Taylor felt that an important cause of low 
wages and high costs in industry is the ignorance of employers and 
their foremen as to the time in which various kinds of work should be 
done. Furthermore, this ignorance is shared largely by the employee. 
The piece rate that is set by a foreman, and then cut because of un- 
usually high earnings of the employees is a familiar example of this 
ignorance. The amount of work that a good workman can do without 
detriment to his health should be determined by careful analysis and 
study of the elements of the operation. This standard of production 
should not be modified unless there is some distinct and material im- 
provement in the method of performing the operation. (2) High 
wages as the result of the greater and more efficient application of the 
employee to his work, together with the more efficient application of 
machines and materials, will result in low unit costs. Mr. Ford has 
amply demonstrated the correctness of this principle. (3) The main- 
tenance of a proper standard of quality should be carried on with the 
development of better methods of management. In most instances 
it has been found that with the development of the inspection func- 
tion, the determination of the best methods of processing and the in- 
struction of the employees in these methods, the offering of wage 
incentives has increased rather than decreased the quality of the prod- 
uct. (4) Taylor's plan of organization recognized the existence of 
the personnel function. He realized that unless personnel problems are 
handled intelligently and good working conditions are provided, in- 
dustry cannot hope to get maximum production from its employees. 
In this connection, he stated that he had never failed to get great gains 
in production from the betterment and standardisation of working 
conditions. The experiences of management consultants who have 
come after him have corroborated his views. 

It was Dr. Taylor’s belief that in order to attain these ideals there 
must be (1) a large daily task for the workman, (2) standard con- 
ditions under which the task is performed, (3) high pay for success 
in the performance of the task, and (4) loss for the workman in the 
event that he fails to attain the standards of production and quality.* 
In connection with a large daily task, he felt that each workman should 
be given as far as possible, the highest grade of work for which his 
ability and physique fit him. Furthermore, he should be required to 
turn out the maximum amount of work which a first-class man of 
his grade can do without injury to himself. As an inducement, he 
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offered a wage incentive for the attainment of the production stand- 
ards which varied from 30 per cent to 100 per cent of the going rate 
of wages, depending on the class of work. It 1s the usual practice to 
penalize the worker for failure by the loss of his bonus earnings for 
the task, and by deductions for the work which does not meet the 
standards of quality. From the standpoint of accuracy and facility 
in setting and maintaining production standards and ability to pre- 
plan production, the standardization of such conditions as heating, 
lighting, ventilation, and equipment is essential. 

Dr. Taylor pointed out the “exception principle” * in management. 
Briefly, this recognizes that the manager is not interested in the ad- 
ministration of routines that are operating effectively. He is interested 
vitally in those that are not. Accordingly, managerial reports should 
be condensed, summarized statements which compare current results 
with performance standards. In such reports, the important varia- 
tions from these standards should be pointed out. 

The backbone of Taylor’s philosophy was the application of the 
methods of scientific collection of data, analysis, and synthesis to the 
solution of managerial problems. It is certain that with our high 
standards of living, high wages, increasing competition at home and 
abroad, and increasing complexity in industry, the scientific method of 
attack will become more and more a necessity in the development of 
efficient management methods. 

Many of the early obstacles to the introduction of such methods 
are disappearing. The opposition of organized labor seems to he 
gradually melting away. The pseudo efficiency expert has largely 
passed into history. In his place has come the competent management 
specialist. As a result of these and other changes, the development of 
scientific management methods in America is proceeding on a sound 
basis, slowly but surely. 


1 Shop Management, by Frederick W. Taylor, pp. 109-126. 
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CHAPTER II 
PLANT LOCATION 


The Importance of Proper Location. The location of the plant is 
often an important factor in its success.or failure. On it may depend 
our ability to serve customers satisfactorily, to obtain an adequate and 
continuous supply of raw material at minimum cost, to maintain a suf- 
ficient, competent, labor force and many other factors in manufactur- 
ing. Sometimes a poorly managed plant is able to enjoy a considerable 
measure of success because of a good location, while a well managed 
plant in a poor location has difficulty in competing. 

Although a manufacturer may be operating successfully in a given 
location, he has no assurance that he will not be faced with the prob- 
lem of plant location some time in the future. Habits and customs, 
centers of population or trade, channels of communication and trans- 
port, are constantly changing. A plant which is operating successfully 
on a given site may find, ten or twenty years later, that it is no longer 
economically well situated. 

When the problem arises, the manufacturer will find that the se- 

lection of a proper location involves a number of economic factors, 
some of which are rather intangible. A satisfactory solution is one 
which is usually outside of the experience of the average manufactur- 
ing executive. Therefore, it is advisable to seek the aid of competent 
counsel. 
Major Factors Affecting Plant Location. The major factors affect- 
ing the location of the plant, are (1) the relation of the site to material 
supplies, (2) its relation to the markets in which the product is dis- 
tributed, (3) the character and availability of transportation facilities, 
(4) the labor supply, and (5) power. 

In many industries the relation of the site to supplies of raw ma- 
terial may be the dominant factor in its selection. If the raw material 
is costly, heavy, or bulky, it may be more economical to ship the finished 
product than to ship the raw material. The farther the site from the 
sources of materials the larger are the reserve stocks of materials that 
must be maintained. More capital is tied up, interest charges on raw- 
material inventories are larger, greater storage space is required, and 
handling charges may be increased. In addition, there is more danger 
that the flow of materials to the plant may be interrupted by transpor- 
tation difficulties, with consequent losses due to interruptions to plant 
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operations. In some industries, the material factor apparently 1S of 
prime importance. However, its influence may be modified consid- 
erably by the presence of other economic factors in the problem. The 
great sawmills necessarily follow the receding forests. But iron ore 
is shipped many hundred miles by lake or rail. As the proportion of 
the direct material cost to the total cost of the product decreases, the 
importance of the material factor decreases, although not necessarily 
at the same rate, because of the importance of storage and continuity 
of supply. 

The relation of the site to markets may be very important in the 
case of small plants that serve a local or an emergency demand. _ Ice- 
cream plants are located in or near the cities that they serve. A 
machine-repair shop must be located near the industries that it expects 
to serve.’ Furthermore, there must be a sufficient number of plants 
that need such outside repair service, to support the plant. Often, 
plants which serve more than local demands may find it advisable to 
give the market factor first consideration in selecting a site. Nearness 
to its principal markets may increase the promptness with which the 
plant can serve its customers. If the cost of shipping the finished 
product is greater than the cost of shipping the raw material, nearness 
to markets may effect considerable savings in transportation charges. 
The desire of buyers to inspect and choose goods in large buying cen- 
ters may make it advisable to locate near such centers. It is said that 
this has been one of the factors which has retarded the growth of the 
cloak and suit industry outside of New York City. In general, it is 
natural for an industry to locate near the market that it serves. Where 
there are a number of markets, the selection of the proper location, 
in so far as the market factor is concerned, is a matter of balancing 
such considerations as population, purchasing power, and buying habits 
against one another. 

Other things being equal, the best location, from the standpoint 
of transportation, is that location at which the cost of moving raw and 
worked materials to and from the plant is a minimum. It has been 
previously pointed out that transportation costs and service may be 
an important factor, tending to locate the plant near the source of raw 
materials or near the markets for the product. Those cities which 
are served by a number of railroads usually have more favorable tariffs 
and better service than those which are served by a single road. There 
will probably be a number of choices of routings for the incoming and 
outgoing shipments. The manufacturer who is located in a city served 
by a single road may find that his transportation costs are as high as, 
if not higher than, those of his competitor in the railroad center and 


1See Maintenance Department, p. 216. 


PLANT LOCATION 15 


that he has greater difficulty in getting cars whenever there is a car 
shortage. Many cities have a belt-line railroad connecting the principal 
roads. A car loaded at a plant on the belt line can be switched to any 
road coming into the city. Transportation costs are reduced by the 
greater facility in loading and unloading cars and by the elimination 
of trucking to the siding of the particular road over which the ship- 
ment is routed. In large railroad and industrial centers, sites near 
such belt lines are very desirable and sell at high prices. In Cleveland, 
Ohio, for example, some are reported to be valued at $50,000 per acre 
or more. The junction points of railways and waterways often offer 
desirable market opportunities as well as transportation facilities. Ob- 
viously, if the transportation cost 1s a small part of the total cost of the 
product, the necessity of locating near either the source of raw ma- 
terials or the markets may be greatly diminished. These and similar 
considerations must be weighed when the transportation factor is 
evaluated. 

The character of the labor supply may affect the selection of a site 
in a number of ways. If wage rates are high, labor costs may be high 
also. However, this may be modified by the character, intelligence, 
and cooperativeness of the available labor. If the trades which must 
be used are highly unionized, the introduction of modern management 
methods may be hampered and per capita production may be low. On 
the other hand, skill and familiarity with the work may offset these 
considerations. Skilled workers accustomed to earning good wages, 
cannot be moved from one community to another easily. Often they 
own their homes and have established ties of other kinds that bind 
them to the community. For these reasons, industries that otherwise 
are located uneconomically sometimes persist and thrive in the localities 
in which they originally developed. An important consideration is the 
adequacy of the labor supply to meet varying production demands. It 
involves the extent of training, welfare work, housing, and other em- 
ployee service work that must be undertaken. In some industries, such 
as the high-grade furniture industry, the extent, kind, and character 
of the labor supply may be the chief consideration in the location of 
the plant. 

Cheap power often attracts industries, particularly those in which 
the power cost is an important element in the total cost of manufac- 
turing. There are a number of large electro-chemical plants near 
Niagara Falls, due to the availability of relatively cheap electric power. 
Cheap coal has been an important factor in building up the Pittsburgh 
manufacturing district. With the majority of industries, power costs 
are a major factor to be considered in locating a plant. With the growth 
of large central stations and the development of super-power projects, 


16 FACTORY ORGANIZATION AND MANAGEMENT 


an increasing number of concerns are purchasing rather than producing 
power, finding it more economical. They are relieved of a heavy in- 
vestment in power-plant equipment. The operation of a power plant 
results in a considerable power charge whether the plant is producing 
or is idle. When power is purchased, the power charge fluctuates 
more closely with the fluctuation in the volume of production. Whether 
it is more economical to purchase or produce power depends to a large 
extent on the size of the plant, nature of the product, and the quality 
and cost of local power service. Those industries that use large quan- 
tities of steam in their processes, as in the manufacture of rayon, often 
find it more economical to generate their own power. 

Minor Factors Affecting Location. The minor factors affecting plant 
location are (1) the cost of land and buildings, (2) the possibility of 
expansion, (3) service industries, (4) financial service, (5) water 
supply, (6) water and tax rates, and (7) labor legislation. 

The cost of land and buildings varies considerably between manu- 
facturing communities. The cost of desirable sites ranges from a few 
hundred dollars per acre or less, in the smaller towns and cities, to 
many thousand dollars per acre in many cities. In cities in which the 
building trades are closely organized the cost of erecting factory 
buildings may be high. The interest charges on land and buildings are 
often a considerable item in the indirect expense of manufacturing. 
Furthermore, if land is reasonably cheap, sufficient acreage can be 
acquired to permit the location of buildings in such a manner that their 
relation to one another will facilitate maximum production. They can 
be constructed to meet the needs of the particular business. If land is 
very valuable, the cost of land for certain types of construction, such 
as single story, saw-tooth buildings may be prohibitive. 

A related consideration is the availability of land for expansion. 
If a business prospers, eventually it may become necessary to erect ad- 
ditional buildings or to make additions to existing ones. If it is nec- 
essary to erect new buildings at a considerable distance from the plant, 
administrative difficulties are created. 

The presence of service industries may be important to some plants, 
particularly the smaller ones. If the industry is not self-contained, it 
may require the services of foundries, machine shops, parts manufac- 
turers, public warehouses, and various other service agencies. 

The strength, progressiveness, and far-sightedness of the com- 
munity are important factors. Their willingness and ability to co- 
operate in financing the activities of the company may contribute ma- 
terially to its success. 

To some industries, using large amounts of water in the generation 
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of power or in industrial processes, the nature of the water supply and 
water rates may be important. 

Taxes are an important item of indirect expense. The tax rates 
and their application in the communities under consideration must be 
investigated in selecting a plant site. 

In some instances state labor laws may be a factor. Many of the 
Southern states have attracted plants from the North because their 
factory laws are less strict. 

Classes of Plant Sites. Plant sites may usually be grouped in four 
classes—those located in (1) large, (2) small, (3) suburban, and (4) 
specialized manufacturing communities. The last named class is really 
a special case of the three preceding classes. 

Large Manufacturing Communities. Large manufacturing centers, 
such as Buffalo, Chicago, Cleveland, Detroit, and Philadelphia, have 
many manufacturing advantages to offer. They are served by a num- 
ber of competing railroads. In many cases they are equipped with 
belt lines and in general have excellent transportation facilities. Usu- 
ally, they have an abundant supply of all classes of labor. In most 
cases one of the greatest difficulties in building an organization is in 
securing sufficient minor executives and skilled labor. At most times 
such help can be secured in the city on relatively short notice. Fur- 
thermore, trade schools and technical high schools are constantly main- 
taining the supply. Discussion groups, such as the sales, production, 
and employment-managers groups, often organized and conducted 
under the auspices of the local chamber of commerce, have a stimulat- 
ing effect on executives, aiding in their development. The large manu- 
facturing community is well equipped with theaters and other amuse- 
ment places. Its amusement and educational advantages are such that 
the necessary amount of plant welfare work of this kind is a minimum. 
Often it is a good market for the product, particularly in the case of 
the small plant. It is well supplied with service organizations of the 
kind which have been mentioned. Power usually can be purchased 
from central stations at reasonable cost. This also is a distinct ad- 
vantage for the small plant. Finally, the large city offers superior 
financial resources and services. 

Against these advantages must be set a number of disadvantages 
of sufficient importance to induce many manufacturers to move their 
plants from the larger to the smaller manufacturing communities or 
to establish branch plants in them. In the large cities, land is expensive 
and the number of desirable sites is limited, making expansion of the 
plant difficult. Taxes are relatively high. The cost of living usually 
is higher than in the small town, and wage rates are correspondingly 
higher. In some of the larger cities, the labor situation in certain 
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trades is dominated by powerful city federations of labor. If the trades 
which must be used are highly organized, there is the possibility of 
lower production per man and labor trouble. In the city the presence 
of small loft concerns in the industry may disorganize local markets 
and the Jabor situation. The distances which the workers must travel 
to and from their work are great. Sometimes a site may be suitable 
in other respects, but the distance from a car line and from the work- 
ing-class residential districts may be such that it would be difficult to 
maintain labor forces. Many manufacturers feel that the appearance 
of their grounds and buildings is a good advertisement, and a factor 
making for the contentment of their working force. The closely built, 
smoky industrial districts of large cities offer little opportunity for 
beautifying the plant and its surroundings. The grounds of the Na- 
tional Lamp Works’ laboratory at Nela Park, on the outskirts of 
Cleveland, are beautifully parked. The contrast with the appearance 
of many plants in the city is striking. 
Small Manufacturing Communities. In many cases, the manufac- 
turer in the small community is not hampered by conditions that add 
to the costs of the city manufacturer. Often he enjoys better labor 
conditions. His labor is more likely to be native-born and more intelli- 
gent. A larger percentage own their own homes and are permanently 
attached to the community. Because of lower living costs, they can 
enjoy a higher standard of living on a lower wage level. In many 
cases the plant is a dominant factor in the life of the community. For 
this reason it is possible for the plant executives to enjoy closer and 
more cordial relations with the working force, provided that they do 
not abuse the power which their position gives them. For these rea- 
sons, and the absence of powerful local labor organizations, the prob- 
ability of labor troubles seems to be much less than in the larger cities. 
Usually land is cheaper and construction costs and taxes are less. 
Sufficient land can be secured easily for present and future needs. 
The small town or city often has a highly developed community spirit. 
To induce manufacturers to locate in the community, such induce- 
ments as a free factory site or rebates of taxes may be offered. Its 
chamber of commerce may sponsor the sale of securities in the com- 
munity and induce local banking interests to finance the construction 
of a plant and the operations of the new company. Such inducements 
are tempting, particularly to the firm that is not strong financially, and 
often lead to the improper location of the plant. The executives are 
apt to overlook the fact that there are other economic factors in the 
location of the plant besides cheap land, plant, and taxes. The penalty 
for the disregard of these other factors may be the failure of the 
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cotnpaty, after a few years of operation, to the detriment of the com- 
munity which has sponsored it. 

As opposed to the advantages of the small community, there are a 
number of disadvantages. Educational and amusement facilities may 
be limited. If the company must build up its working force by bring- 
ing in workmen from other communities, this lack may make it difficult 
to maintain an adequate working force. The majority of the better 
workmen want proper educational facilities for their children and to 
some extent for themselves. Jn some instances, particularly in the 
company-owned towns of large corporations, it has been found de- 
sirable to establish public schools, company schools, apprentice training, 
or to engage in other educational activities. It may be necessary to 
make considerable expenditures for recreational and amusement facili- 
ties. If city workers are brought to the small community and such 
facilities as movies, theaters, and amusement parks are lacking, it may 
be necessary to supply them to keep the workers contented. Important 
executives who enjoy large salaries may feel the lack of social advan- 
tages, which may make it difficult to hold them. 

The small manufacturing community may not have a broad labor 
market from which an adequate labor supply of all kinds can be drawn 
on short notice. If workers are imported in large numbers, housing 
problems may be created. Before a large permanent increase in the 
working force can be made, it may be necessary to make a considerable 
investment in workers’ homes. 

In addition, the small manufacturing community may be less de- 
sirable because of inferior transportation facilities, absence of a local 
market for the product and other advantages that the city can offer. 
Suburban Locations. In recent years there has been a marked move- 
ment of manufacturers from the larger cities to suburban locations. In 
many respects, such locations combine the advantages of the city and 
the small community, without their disadvantages. Suburban manu- 
facturers are able to draw on the neighboring city for labor. Their 
employees are able to enjoy better living conditions, are more con- 
tented and probably more stable. Educational facilities usually are 
good. To a large extent, the employees can avail themselves of the 
amusement facilities in the city. In many cases the transportation 
facilities of the suburb are nearly as good as those of the city. While 
wage rates and construction costs may not be much lower than in the 
city, land costs and tax rates usually are lower. The more important 
executives can live in or near the city, enjoying the advantages of 
city life. For these reasons the suburban manufacturing community 
seems to be coming into favor. 
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Specialized Manufacturing Communities. Certain cities have become 
noted for certain kinds of manufactures. Akron is noted for its rub- 
ber products ; Detroit for the manufacture of automobiles; Grand Rap- 
ids for furniture; Battle Creek for breakfast foods. While other 
manufactures are produced, they are noted chiefly for these products. 
While such communities are special cases of the preceding classes, 
they have certain advantages peculiar to themselves which make it 
advisable to consider them separately. They have an abundant supply 
of labor skilled in the processes carried on in the industry. Often 
the community maintains trade schools which continually augment the 
supply. As a result, the amount of training which the individual con- 
cern must carry on is reduced. Because of the large number of con- 
cerns in the same industry, materials and supply dealers can carry 
larger and more varied stocks. The purchasing department can often 
obtain necessary materials and supplies on short notice from local 
sources. For the same reason, the specialized community probably 
is well supplied with various service organizations peculiar to the 
industry. It may be easier to finance operations because local bankers 
are thoroughly familiar with the needs of the industry. Similarly, a 
new concern in the industry probably will find it easier to dispose of 
its securities because local investors have the confidence born of pre- 
vious successes. Finally, the fact that the concern is located in a city 
that is noted for the products that it intends to manufacture gives it a 
certain prestige. The reputation of the city for such products attracts 
buyers over long distances and results in a desirable local market. 
Grand Rapids with its furniture shows 1s an example of a specialized 
community. 
Relative Advantages of Locations. ‘The relative advantages of the 
different locations which have been discussed depend largely on the 
nature of the problem of the particular concern. In general, the large 
concern which is more self-contained with regard to its operations can 
settle in the small community to better advantage than the small con- 
cern. The city with its varied service organizations, excellent educa- 
tional and amusement facilities, broad local markets, good labor sup- 
plies, cheap central-station power, and other advantages seems better 
for the small plant. There has been considerable movement of large 
concerns from the large cities to suburban or small community locations 
which apparently substantiates this view. 
Sources of Information for Plant Location. The modern manufac- 
turer who finds it necessary to relocate his plant or to establish a branch 
plant has a number of sources of information to aid him in the solution 
of his problem. Numerous books and articles on the subject have been 
written. Many chambers of commerce in manufacturing communities 
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maintain industrial bureaus which furnish information relating to the 
economic advantages of their communities for manufacturing. The 
industrial agents of railroads and electric-power companies are glad to 
give similar information relating to locations on their lines. Census 
reports and various reports of the Department of Commerce are often 
helpful. There are a few consultants who specialize in this field. 
From these sources data can be obtained that will permit a satisfactory 
solution of the problem of plant location. 


CHAPTER III 
THE PLANT AND ITS EQUIPMENT 


The Importance of the Plant. The building in which the workers and 
equipment are housed is something more than a protection from the 
elements. It is an item of productive equipment. If the best type of 
machinery for a given process is selected and if properly designed with 
regard to the conditions under which it must operate, we can get max- 
imum production. Similarly, the selection of the proper type of build- 
ing and its proper design can materially aid production. Obviously 
heavy foundry operations, which give out gases and require crane serv- 
ice for moving heavy loads, cannot be conducted economically in a 
building having low ceilings. While the relation may not be so obvious 
in all cases, the building usually is an important factor in the economy 
of manufacturing. 

A great many successful concerns have grown from small begin- 
nings to considerable size. The buildings in which they are housed 
have grown correspondingly. The present plant often consists of a 
series of accretions to the original building unit. As the business has 
grown, manufacturing problems have changed. Unless the manage- 
ment has shown unusual foresight, it is probable that the nature of the 
plant makes minimum cost production impossible. It may be difficult 
to maintain a smooth flow of work through the plant with a minimum 
movement of material. The difficulty of supervising activities may 
be increased. In many other ways, the cost of production may be 
increased because the building is poorly adapted to the requirements of 
present manufacturing conditions. 

Sooner or later most successful manufacturing concerns find them- 

selves forced to build new plants or make additions. Errors in select- 
ing the type and design of building cannot be corrected easily. There- 
fore it is desirable that responsible executives have some general 
knowledge of the characteristics of industrial buildings. 
Factors Affecting the Type of Building. Some of the factors which 
affect the selection of the type of building are (1) visual control of 
activities, (2) economy in the movement of materials, (3) the value of 
land, (4) the nature of the industry, (5) the nature of the processes, 
(6) permanence and resale value. 

In many respects it is an advantage to have the manufacturing 
operations performed on one floor, with the view of the shop obstructed 
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as little as possible by columns. Executives can be located more easily. 
Jobs can be traced and located more quickly. Many other advantages 
result from the use of single-story buildings. 

Economy in the movement of material may affect both the type of 
building selected and its design. In some buildings, runways for trav- 
eling cranes must be provided. Machinery and equipment must be laid 
out so that work flows through the plant with a minimum of moving 
between operations. With many thousands of dollars in material and 
work in process flowing through the plant, economy in the movement 
of materials is necessary for rapid turnover of working capital and 
low cost production. 

If land is expensive, single-story buildings may not be desirable for 
financial reasons. Too much capital may be tied up in the plant site. 
Interest charges and taxes may be too large. Desirable factory sites 
may be scarce and it may be difficult to secure sufficient land. For 
these reasons, it may be necessary to select a type of building which 
requires less land. Any loss in the economy of manufacturing must 
be balanced against the above factors in the cost of production. 

Some concerns may manufacture a single product or a few products 
of a similar nature. These may be manufactured in large quanities. 
Under normal conditions, there may be a continuous flow of work 
through the plant. The division of labor may have been developed 
to a high degree. Special machinery of an automatic or semi-auto- 
matic character may have been introduced. Conveying equipment of 
an elaborate nature, peculiar to the industry, may be necessary. Such 
factors may result in the development of a tvpe of building that is 
peculiar to the industry. In some industries the materials that enter 
into the product are brought together at or near the starting operations 
and travel together through the various processes until they are worked 
into the finished product. In other industries, the product may be an 
assembly of a number of parts fabricated from different materials, 
which travel through different processes and sequences of operations 
until they reach the final assembly floor. In such cases, it may be ad- 
visable to establish sub-storerooms for certain materials, near the 
operations which use them, in order that they may be easily and quickly 
supplied at a minimum cost of moving. In these and in many other 
ways the nature of the industry may directly affect the determination 
of the type of building to be used. 

Similarly, the nature of the processes may be a factor. Heat-treat- 
ing processes give off heat, smoke, and gases. They should be separated 
physically from the other operations. The jar and shock of the drop 
hammers may affect the adjustment of delicate machinery used in cer- 
tain processes, and make it necessary to place the drop forge shop in a 
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separate building. The buildings for these shops will be quite different 
from those used to house light manufacturing operations. Dean Kim- 
ball uses a continuous-process stamp mill to furnish an interesting 
illustration of the effect of processes on the type and design of the 
building.’ The plant is built on the side of a hill in order that the force 
of gravity may be used to carry the ore through the processes. 

In a few instances the permanence of the industry may be a factor. 

A manufacturer of novelties might find it profitable to expand his plant 
capacity to take advantage of an extensive demand for some new item. 
It is difficult to tell how long the demand will last. If he uses perma- 
nent construction, the type of building must be such that it meets the 
general requirements of the class of novelties that he manufactures. 
It cannot be built to meet the specific requirements of the new novelty. 
In exceptional cases, the desirability of the present location or the 
demand may be temporary. Under such conditions, the buildings 
should be of a type that will meet the requirements of a wide range of 
industries in order that they may be sold eventually at the best possible 
price. Again, this factor may be more important than construction 
to meet the specific needs of the industry. During the late war many 
plants were expanded without thought of the possibility of having to 
sell a part or all of the capacity in excess of normal requirements. In 
some cases the concerns were forced to take serious losses, partially due 
to this lack of foresight. 
Types of Industrial Buildings. Most industrial plants can be classi- 
fied into four types: (1) single-story buildings with either a flat or 
saw-tooth roof, (2) monitor types, (3) multi-story buildings with 
either a flat or a saw-tooth roof, and (4) special types. 

The single-story building has a number of advantages. When 
equipped with a saw-tooth roof, as in Plates 2 and 3, the natural illu- 
mination in the shop is excellent. Almost any desired width of building 
can be had. The building can be expanded easily as more space becomes 
necessary. With special truss construction, 100-foot spans between 
columns are possible. As a result, manufacturing space is broken up 
as little as possible. There is a relatively unobstructed view of oper- 
ations which is often an aid in controlling them. Inasmuch as all manu- 
facturing space is on the same level and is relatively free from 
obstructions, there is greater flexibility in the arrangement of equip- 
ment. If necessary, heavy machinery can be placed on foundations set 
directly into the ground, thereby reducing the amount of vibration 
throughout the building. Little non-productive space is required for 
elevator shafts, stairways, and other service features that are peculiar 
to the multi-story building. The cost of moving materials usually is 


1 Principles of Industrial Organization, by Dexter Kimball, p. 78. 





Cumtisy-—Lockwood, Greene & Co. 


PLATE 2 
Saw-Tootn CONSTRUCTION 





Courtesy—Lockwood, Greene & Ci 


PLATE 3 
Goop Natural LicuTinc with SAWw-Tvooty Construction 


THE PLANT AND ITS EQUIPMENT 25 


less because the distances through which they are moved are shorter 
and no material handling equipment is necessary for moving between 
floors. Saw-tooth construction or skylights give good natural ventila- 
tion. When properly designed, these and other advantages make the 
single-story type of building very desirable for many types of manu- 
facturing. Its chief disadvantage is that the cost of land and construc- 
tion per square foot of floor space is high. Where land is scarce and 
expensive this may prohibit its use. 

Plate 4 shows a building of the monitor type. The roof truss is 
surmounted by a monitor. Such buildings are usually constructed with 
steel frames, with or without concrete reinforcing. In most cases they 
are designed to give the maximum head room and cubical content per 
unit of floor space. Often they are constructed with mezzanine floors 
in the side bays for light manufacturing. The side walls can be de- 
signed so that almost 100 per cent of the effective lighting area is in 
glass. Such design provides excellent illumination, provided there is 
a good janitor service that keeps the windows clean. The monitor 
gives good natural ventilation. This type is frequently used for heavy 
manufacturing or assembly operations, requiring crane service and 
considerable head room, or for housing processes which, in addition 
to requiring crane service, give off considerable heat and gases, such as 
foundries and heat-treating shops. 

The multi-story building has the advantage that it gives a maximum 
square footage of manufacturing floor space per square foot of ground 
space. For this reason, it may be desirable when land values are high. 
It is well adapted to light manufacturing. In the case of an assembled 
product, the operations on the different parts can be laid out so that 
all work moves in the same general direction to the assembly floor, with 
a minimum of moving between floors. Fig. 1 shows a layout of op- 
erations in a multi-story building which approximates a straight-line 
flow. If the material is not bulky or heavy and proper material-hand- 
ling equipment is provided, the cost of moving raw and worked mate- 
rials will not be excessive. On the other hand, the multi-story building 
has a number of disadvantages. The problem of moving materials is 
more complicated than in the single-story building. More time is spent 
by individuals and materials in moving between departments and floors. 
More dead space for elevators, stairways, and fire-escapes must be pro- 
vided. Head room and floor loads are limited, unless special construc- 
tion is used, which is usually expensive. The width of each building 
unit is limited. The usual multi-story factory is from fifty to seventy 
feet wide. Beyond this width, the natural illumination in the center 
of the shop is apt to be poor, even on bright days, unless special con- 
struction is used. For most manufacturing purposes, either the single 
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story or the monitor type building is better than the multi-story type, 
provided financial considerations do not prevent its use. Under most 
conditions, the four-story standard factory building has the lowest cost 
per square foot of floor space. Above four stories, the cost of con- 
struction increases rapidly. Better foundations, heavier steel work, 
thicker walls, more elevator service, and generally expensive construc- 
tion must be used. Plate 6 is an example of a multi-story factory 
building. 

In many cases, the buildings of a plant are combinations of the 

three general types. In other cases, the building is specially constructed 
to accommodate the particular needs of the business. Such buildings 
may be classed as special types. 
Types of Factory Construction. The more common types of factory 
construction can be grouped in five classes: (1) wood-frame construc- 
tion, (2) brick construction, (3) slow-burning mill construction, (4) 
steel-frame construction, and (5) reinforced concrete. 

Wood-frame construction depreciates rapidly and insurance costs 
are high, because of the fire hazard. It can be erected quickly and 
cheaply and alterations can be made easily. It is usually used only for 
temporary buildings. 

With brick construction the side walls and fire walls are brick. The 
beams are carried on the side walls, necessitating the use of relatively 
thick pilasters. As a result, the amount of wall space that can be put 
in glass is reduced. It 1s more permanent than wood-frame construc- 
tion and depreciation charges are less. With ordinary brick construc. 
tion, the fire hazard is considerable and insurance rates are high. Al- 
terations and extensions of the plant can be made with relative ease. 
It is a type of construction that is not generally used by modern plants. 

A type of brick-and-wood construction that has been used consid- 
erably is the slow-burning mill type. The theory of this type of con- 
struction is that a fire can be localized for a considerable time if the 
construction is heavy enough to prevent it from gaining headway easily. 
An opportunity is afforded to get it under control before it assumes 
serious proportions. Such construction is characterized by the use of 
heavy timbers and planks so that the fire must burn deeply before the 
columns and floors fall or it eats through to other floors. Ten-inch 
beams and three- or four-inch floor planks are often used. The building 
is broken up into manufacturing rooms by means of fire walls at fre- 
quent intervals. Each room is a self-contained fire unit, being separated 

from other rooms by means of fire doors. All openings between floors, 
such as elevator shafts, should be incased in slow-burning construction 
and designed so that they can be closed off completely from the floors 
anto which they open. Hollow passages between floors through which 
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fire might pass are eliminated as far as possible. The corners of all 
woodwork are rounded to make it difficult for it to catch fire. Ceilings 
are equipped with sprinklers. Every precaution is taken to make it 
difficult for fire to gain headway. Insurance rates on this type of con- 
struction are lower than on other types, with the exception of reinforced 
concrete equipped with sprinklers. The massive construction produces 
a permanent structure which transmits the vibration of machinery toa 
much less extent than the preceding types. Yet it is relatively easy to 
cut openings and to make alterations and extensions. The slow-burn- 
ing type is still the cheapest construction in most cases. 

Steel-frame construction is characterized by the use of steel col- 
umns, beams, girders, and roof trusses. The outside and fire walls 
usually are brick curtain walls, erected between the columns. Jn some 
cases the side walls are constructed of corrugated sheet steel. Such 
buildings are hard to heat and are suitable only for housing processes 
which give off considerable heat. The corrugated steel siding depre- 
ciates rapidly, even when properly protected. Floors are constructed 
of wood, hollow tile, or concrete. The roofs usually are constructed 
of planks laid on steel roof trusses and covered with some fireproof roof- 
ing material. All steel work should be fireproofed with concrete or 
other suitable material to prevent it from twisting and warping during 
a fire. This type of construction has the advantage of low first cost. 
The larger construction companies, specializing in industrial buildings, 
have standard designs in steel-frame construction that can be erected 
quickly. On the other hand, ir the steel work is not properly protected, 
and light wood floors and roofs are used, the depreciation is more rapid 
and the fire hazard is greater than in the case of reinforced concrete 
buildings. Tfowever, it is easier to make alterations and extensions. 
This type has been used considerably. 

Reinforced concrete buildings are being used to an increasing ex- 
tent. Plate 6 shows an example of such construction. In this type steel 
framing, incased in reinforced concrete, is used. Floors usually are 
constructed of reinforced concrete. In some cases, they are solid rein- 
forced concrete slabs supported directly on the columns. In others the 
floor slabs are supported on a system of girders running between the 
columns, and beams between the girders. The layout of machinery 
and equipment should be worked out in advance of building in order 
that provisions can be made for fastening the machinery to the floor 
in the proper locations. If wood floors are laid over the floor slabs, 
this is uot necessary. If plain concrete floors are used, it will be difh- 
cult and expensive to rearrange machinery when such relocation be- 
comes necessary. Inasmuch as the ceilings are concrete surfaces, special 
provision must be made for mounting shaft-hangers and other power- 
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transmission equipment, unless individual drive is used. This adds 
further to the difficulty in making future relocations of machinery. 
The side walls are made of brick or hollow tile curtain walls between 
the columns, or of solid reinforced concrete. The objection to the lat- 
ter construction is that it is difficult to cut openings if extensions become 
necessary. In fact, future expansion should be planned in advance of 
construction, if possible. Otherwise it may be necessary later to re- 
move considerable reinforced concrete around columns and girders. 
The roofs usually are constructed of reinforced concrete or hollow tile. 
In some cases saw-tooth construction may be used. While there are 
certain problems which must be solved if reinforced concrete 1s used, 
the increasing use of this type of construction would seem to indicate 
that its disadvantages are considerably outweighed by its advantages. 
It depreciates more slowly than any of the preceding types. There is 
relatively little fire hazard. As a result, charges for depreciation and 
insurance are low. Because of its great durability and the greater 
ease with which it is kept clean and sanitary, maintenance charges are 
low. Its rigid construction reduces vibration to a minimum. 

By the*use of “daylight” construction better illumination and 
greater building widths are possible. In this type of construction the 
side walls carry none of the floor load. A row of columns runs the 
length of the building about six feet from the side walls. In designing 
the floor slab between these columns and the side walls, it 1s treated 
as acantilever. Inasmuch as the side walls carry none of the load, al- 
most 100 per cent of the effective wall area can be placed in glass. 

The development of standard designs and modern construction 
methods make it possible to erect reinforced concrete buildings almost 
as cheaply as slow-burning mill buildings. For these reasons reinforced 
concrete 1s coming more and more into favor. 

The Design of Industrial Buildings. In the preceding discussion, only 
the more important features of factory buildings, that are of interest 
from the viewpoint of management, have been discussed. In addition 
there are a host of technical details that affect the efficiency of the 
building that must be considered by the designing engineer. Plant 
sanitation, the accessibility of plumbing, the appearance of the build- 
ing, toilets and other service features, lighting, heating, and ventilation, 
fire protection, the character, location, and extent of floor loads, and 
similar problems will affect the design of the building considerably. 
Qutside Consultation. In most cases, the regular engineer and ex- 
ecutive staffs are too busy with their regular duties to undertake the 
work of designing additions or new plants. Furthermore, their ex- 
perience or training may not fit them to handle it satisfactorily. For 
these reasons, it is usually more satisfactory to employ the services of 
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an industrial engineer whose broader experience will permit him to 
harmonize the requirements of good management and design to better 
advantage. Working with architects, he can usually effect economies 
that will well repay the value of his services. 

Plant Layout. In building a new plant or expanding an old one, plant 
layout is an important consideration. In fact, it is desirable that the 
layout of machinery and equipment be worked out tentatively before 
the work is started. Good plant layout reduces to a minimum the con- 
gestion resulting from the movement of materials and inventory 
charges on work in process. It facilitates production by making it 
possible for the operative to work more effectively and by simplifying 
the problem of the supervision and control of production. 
Considerations Affecting Plant Layout. The more important con- 
siderations affecting plant layout: (1) the work as nearly as possible 
should flow through the plant in a straight line; (2) there should be a 
minimum movement of work between operations; (3) provision should 
be made for the quick, easy and cheap movement of work; (4) depart- 
ments and service centers should be located so that production will be 
facilitated; (5) consideration should be given to the location of motive 
power equipment; (6) the nature of the product and processes and 
their relation to the layout must be considered; and (7) adequate work- 
ing space should be provided. 

The ideal condition 1s to have each lot of work move steadily in a 
constant direction, through the various operations performed on it, 
to finished stores or the shipping floor. In practice, it is not always 
possible to attain this ideal. However, the lot should double back as 
little as possible in the course of its travel through the shop. Other- 
wise, an excessive amount of time will be required to move a lot 
through the shop, and the constant passing of lots in different directions 
may cause congestion of the work. The same result is produced if 
adequate and quick means of transportation are not supplied or the 
transportation service is poorly organized. The work piles up around 
the operator, interfering with his movements. In bad cases it may 
overflow into the aisles, interfering further with the flow of work 
through the shop. A certain amount of work must always be stored 
at the machine. In laying out machinery, space should be provided for 
storing the material on which the operator is working and the next lot 
scheduled for his machine. In addition, he should have plenty of space 
in which to work. The work should be moved from the machine as 
soon as possible after the operation is completed. Unless adequate 
transportation service is provided, there is danger that the work centers 
will be converted into sub-storerooms for work in process, resulting 
in serious interferences with production. For these reasons, selection 
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and location of conveyors, elevators, cranes, and other means of trans- 
portation and the nature of the internal transportation service are 11n- 
portant factors that must be considered in making a plant layout. Any- 
thing that reduces the distance through which material must be moved 
while in process, or speeds up its handling and rate of travel, reduces 
the time that it is in process, and as a result the interest charges on 
the capital that is tied up in it. The rate of turnover of this capital is 
increased. 

Departments should be laid out with regard to the processes carried 
on within them, the problems of supervision, and the probability of 
future expansion. In a metal-working concern, the foundry may be 
located near the railroad siding, the storage yard, and those depart- 
ments in the shop that have the first operations on the principal parts in 
the product. Within the shop, the set-up and arrangement of the 
departments may be affected greatly by the nature and sequence of the 
operations on these parts. In some cases it may be necessary to modify 
the principle of straight line flow to permit the grouping of departments 
that have similar processes in order that some executive who has the 
necessary skill and experience may supervise them effectively. In 
other instances, fast-growing departments must be located in those 
parts of the plant that can be expanded most easily. Service depart- 
ments and centers should be located near the production centers that 
they serve. Sub-storerooms often carrying large stocks of certain 
materials are located near the departments that use the bulk of these 
materials. Inspection benches may be located in or near the depart- 
ment or operations that they serve. The locations of the final assembly 
floor and the railroad siding will determine to a large extent the 
location of the shipping floor. 

Finally, the nature of the product and the processes will affect the 
solution of the problem. The product may be liquid or solid, light 
or heavy. The type and location of conveying equipment will be af- 
fected by these characteristics. In a monitor type building, used for 
the manufacture of a given machine, the side bays on the main floor 
may be used for the production of the heavier and bulkier parts such 
as the base, frames, and spindles. The bays on the mezzanine floors 
may be used for the manufacture of the smaller and lighter parts. In 
the continuous type of manufacturing, the layout of the machines within 
a department usually is affected directly by the sequence of operations 
on the parts produced in the department. 

Making the Layout. Before the layout is made, the probable growth 
of the business and the maximum volume of production to be handled 
should be determined by consultation between the sales, production, and 
statistical executives. The anticipated maximum production of each 
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item of product should be broken down to get the maximum produc- 
tion for each part. 

Certain process information must be obtained before the required 
amount of equipment can be determined. In the case of a new plant 
and a new product, the process engineer must process the parts. If the 
product has been manufactured previously, it is probable that most of 
this information is available in the process engineer’s files. While the 
nature of this information will vary somewhat with the nature of the 
manufacturing problem in general, such information is required as the 
maximum quantity of each part to be manufactured, the operations 
through which the part must pass, and their sequence; the unit time 
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required for each operation; the hours worked per day and the number 
of days in the working period; the number of shifts and the necessary 
allowances for scrap and idle time. From this information the number 
of machine hours per day required for each operation and the number 
of each type and style of machine can be determined. 

The first step in laying out the machinery usually is to make a flow 
sheet. This is a rough diagram showing the best routing for each 
part. - The general outlines of the factory floor space are shown 
roughly. Fig. 1 shows a flow sheet of this kind. It aids in working 
out, tentatively, the best locations of operations and departments. 

Templates are drawn to scale on cardboard for each machine. The 
template represents the actual floor space required for the machine, 
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and in addition may include that which is necessary for the storage of 
material at the machine and the efficient operation of the machine by 
the workman. The templates must be drawn to the same scale as the 
floor plans. They are placed on the floor plan to conform with the 
general plan of layout as indicated by the flow sheet. In most cases, 
the layout of the templates will indicate many changes that must be 
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made in the flow plan. After the templates have been arranged and 
rearranged to get the best layout of machinery and equipment, the 
layout is turned over to a draftsman who makes drawings and tracings 
for each floor and each department. Blue prints are made and turned 
over to the millwrights for installation. 

While this procedure may scem arduous, it is necessary to insure 
that most economical layout of machinery and equipment which is 
a prerequisite to economical production. 


CHAPTER IV 
LIGHTING, HEATING, AND VENTILATION 


The Importance of Good Illumination. J]lumination is an important 
factor in production. A poorly lighted shop presents a gloomy appear- 
ance which has a depressing effect on the worker, tending to lower his 
production. Improper illumination may cause cye strain, which will 
produce fatigue and further lower the worker's ability to produce. The 
foreman’s problem of supervision is increased. With many classes of 
work, it is impossible to maintain a proper standard of quality. Inter- 
ferences to production, due to an excessive amount of scrap or reworked 
product, are expensive in many ways. Other reasons could be given 
to show why proper ilumination may aid production materially. In 
some cases, a study of the illumination problem, followed by the intro- 
duction of improved methods, has resulted in production increases 
ranging from 10 to 25 per cent. 

A technical consideration of illumination is beyond the scope of this 
book. Therefore, consideration is confined to the relation of some of 
the more important aspects to the problems of management. 

Natural Illumination. During the greater part of the working period, 
daylight is the principal or only light that is used. For this reason, 
the problem of natural lighting has directly affected the design and 
layout of factory buildings. The two principal factors are (1) the in- 
tensity and distribution of light, and (2) provision of the maximum 
amount of light. 

The Intensity and Distribution of Light. In the average multi-story 
factory building the intensity of light varies considerahly between the 
sidewalls. In the areas contiguous to the windows there may be a very 
high intensity, while the interior of the shop may be so dark that it 
is necessary to burn drop lights at machines most of the time. If 
clear glass is used in the windows of a standard multi-story building, 
the floor areca within six feet of the east windows may be illuminated 
with an intensity exceeding five hundred foot candles on clear sunny 
days.2. It may drop below one hundred foot candles on cloudy days. 
The interior of the shop may have an intensity less than two foot can- 
dles, despite the high intensity at the windows. The major part of 
the light has been absorbed by the floor and objects near the windows. 


1 The unit of illumination is the foot candle. It is equivalent to the intensity of light 
from a standard candle at a distance of one foot. 
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In general, the interior of the shop ought to have an intensity of at 
least five foot candles. 

The above conditions tend to produce glare. When certain in- 
tensely lighted areas are surrounded by areas in which the intensity of 
light is much less, the eye has difficulty in adjusting itself. If the pupil 
contracts to shut out excess light from the intense source, it does not 
admit sufficient light from the less intensely lighted area. Jf the work 
is located in this area, the result is poor quality. The reverse condition 
is just as bad. Such conditions are trying and quickly produce fatigue. 
As shown in Fig. 3, the curve of illumination across a shop, in the 
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average multi-story building, is roughly a broad-based U. The prob- 
lem is to flatten this curve as much as possible diffusing and distributing 
the intense light at the windows evenly over the whole floor area. 
The more common solutions for the problem of proper intensity, 
diffusion and distribution are (1) the use of the proper kind of glass 
and, (2) the proper orientation of the illuminating devices. A number 
of kinds of glass are used in connection with natural lighting. Clear 
glass is the most efficient from the standpoint of light transmission. It 
has the disadvantage that it admits the light directly, producing adverse 
conditions that have been described previously. It may be used from 
the bench level to the level of the workman's head. The loss of a few 
moments when he glances from his work to objects outside the plant 





ec 


Courtesvy—Lockwood. Greene & C 


PLATE 6 
Rrioxrorern MtrrieStrory Factory Burpis 


LIGHTING, HEATING, AND VENTILATION 35 


does not affect his production seriously. On the contrary, it may aid 
it by providing a break in the fatigue-producing monotony of his 
work. Above this, some special type of glass, intended to give better 
diffusion and distribution, should be used. Prism glass takes the light 
rays falling on the window at an angle and bends them so that they 
pass horizontally into the shop. It is considerably more expensive, but 
it gives a much better distribution of light. Ribbed glass is often used 
as a compromise. It is less expensive than prism glass and accom- 
plishes the same results, although not to the same extent, when the 
glass 1s set so that the ribs run horizontally. It breaks up and diffuses 
the direct light rays and directs a good proportion of the light into the 
interior of the shop. It has the disadvantage that it collects dirt and is 
hard to keep clean. A common practice, and a poor one, is to coat 
clear glass with white paint. It may eliminate more than 30 per cent 
of the total light falling on the windows. 

The direct rays from the sun form only a small proportion of the 

total light that finds its way into the interior of the shop. Most of 
the light is reflected from the sky. For this reason, the variation in 
light intensity, between clear and cloudy days, is least at the north win- 
dows. With multi-story buildings, little or nothing can be done to 
orient the windows to take advantage of the north light. Single-story 
buildings and the top floors of multi-story buildings can be equipped 
with saw-tooth roofs, oriented to the north, affording an evenly dis- 
tributed and diffused light that is subject to minimum fluctuations due 
to variations in weather conditions. 
Providing the Maximum Amount of Light. The effective wall area 
for natural lighting extends from the bench level to the ceiling. In 
most plants, not over 75 or 80 per cent of this area is in glass. With 
daylight construction,’ it is possible to put almost 100 per cent 
of this area in glass. The obstruction of light by frames can 
be reduced to a minimum by using steel framing. 

It is not unusual to see a plant with modern window construction, 
and windowpanes that are so dirty that a large percentage of the natu- 
ral light is cut out. An efficient janitor service can aid materially in 
solving the problem of sufficient light. 

The treatment of the interior surfaces of the shop affects its il- 
lumination. In some cases walls are painted dark brown, in order that 
dirt will not show. When this is done a large percentage of the light 
that comes into the shop is absorbed by the walls. It is better to white- 
wash them and to paint machinery and equipment battleship gray, in 
order that a maximum percentage of the light that falls on them may 
be reflected back into the shop. 
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In multi-story buildings, low ceilings usually mean poor illumina- 
tion. More light gets to the center of the shop if there is the greatest 
practical ratio of ceiling height to floor width. With buildings from 
50 to 70 feet wide, the ceilings should be from 12 to 17 feet high. 

Where possible, overhead lighting is desirable. The usual means 

of overhead lighting are (1) ordinary skylights, (2) monitors, and 
(3) saw-tooth roofs. The first two require relatively inexpensive con- 
struction. While the amount of light coming into the shop is greatly 
increased, they have the disadvantage that unless special glass is used, 
the direct rays of the sun are admitted which tends to cause glare. The 
saw-tooth construction though more expensive, is much better. When 
oriented to the north, a uniform reflected light is admitted evenly over 
the whole floor. The back surface of each tooth should act as a reflec- 
tor for the tooth behind it. For this reason, both the interior and ex- 
terior surfaces of the saw-tooth should be whitewashed. With the 
usual saw-tooth construction, the depth of each bay is about 25 feet. 
The area of the tooth face that is in the glass should be from 30 to 
35 per cent of the floor area of the bay. The height of the tooth is gov- 
erned accordingly. 
Artificial Illumination. Sometimes, in plants in which the natural il- 
lumination is good, the artificial illumination is poor. Yet some arti- 
ficial illumination may be necessary from 10 to 40 per cent of the work- 
ing period, depending on the latitude, the season of the year, weather, 
and natural lighting conditions in the shop. Mr. Roy Palmer of the 
National Lamp Works’? states that production tests of improved light- 
ing, for quite different operations in fifteen plants, showed increases 
in production from 8.5 per cent to 35 per cent. The average increase 
was 16.28 per cent. He points out that the speed of vision increases 
steadily as more light 1s supplied, continuing with intensities of illumi- 
nation considerably above those which are usually found in the aver- 
age plant. The relation of this phenomenon to the quantity and qual- 
ity of production and the accident rate is obvious. At the Columbus 
plant of the Timken Roller Bearing Company, a production test of 
iJumination was made in the inspection department. The results are 
given below. 


Per cent increase Per cent increase 


Illumination an lighting cost in production 
5 foot candles (Old lighting)................. 0 0 
6 * ee ee et ee meer ma per nce 0.5 4.0 
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The maintenance and operating expenses of a good lighting system 
are repaid, with good profit, by increased quantity and quality of pro- 
duction, decreased labor turnover, and improved morale in the working 
force. 

The Requisites of Good Lighting. The more important requisites of 
good lighting are (1) an intensity of light, suited to the particular man- 
ufacturing conditions, (2) good color, (3) a proper distribution of 
light, (4) absence of glare, and (5) a steady, uniform production of 
light. 

Insufficient light tends to produce eye strain and fatigue, which af- 
fect the quality and quantity of production adversely. Obviously, the 
requisite intensity of light will vary considerably with manufacturing 
conditions. In many cases, different intensities of light are required 
at different points within the same department. In general, the fol- 
lowing intensities will be found to be satisfactory.? 


Manufacturing condition Intensity 
Storage spaces, aisles and passageways... ..........2.00eceeee 1— 3 ft. candles 
Rough manufacturing and assembling...................000. 4- 8 “ “ 
Ordinary 7 . eo  aihaeeid aaoe need aaa 6-10 “ ‘ 
Fine . . Sahat ae eenere eaten eae 8-12 “ ‘ 
Very fine . Scat ena ta eeniata nts 10-20 “ ? 
General OMCes £4 %.i eerie dite wep weuge bbs eee eaeenedé 8-12 “ . 
DIQEUNG £OONIs vie sek oa. iere oun ep eaies hee booed eae eae es 12-20 “ fs 


In some cases, the color of the light may be important. Special 
lights have been developed for department stores and industries that 
have occasion to match colors accurately. In some cases, workmen 
have objected to mercury-vapor lights because they give them a some- 
what ghastly appearance. The eve is habituated to the color of day- 
light. In general, that light which most closely approximates the color 
of daylight is the best. 

The proper distribution of light is always important. The point 
of work on the machine often requires a higher intensity of illumina- 
tion than the general work area. Jn some cases, a particular group of 
machines may require more intense illumination. The problem is to 
give these points the requisite illumination without creating sharply 
contrasting light areas that may produce glare. Its solution depends 
on the proper adjustment of such factors as the number of lights to 
be used, their candle-power, location, spacing, height above the plane 
of work, the type of fixture, and the nature of the work. 

The causes and ill effects of glare have been previously noted.* 
Glare has been defined as “any brightness within the field of vision 


' Further information can be obtained from Management’s Handbook, the code of lighting of the Bureau 
of Labor Statistics, the laboratories of the National Lamp Works at Cleveland, and other sources. 
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which causes or tends to cause discomfort, interference with vision, or 
eye fatigue.’ In addition to sharply contrasting areas of illumina- 
tion, it may be caused by a source of great brilliancy within the field of 
vision. Glare may be produced even though the eye is not directed at 
the source of light while at work. Direct and reflected glare may be 
reduced by adjusting the location and height of the lamps so that there 
is a wide angle between the eye, the work, and the source of light, by 
the proper distribution and diffusion of light, and by the proper selec- 
tion of reflectors and lighting fixtures. 

When light flickers or its production is variable, the eye is con- 
stantly attempting to adjust itself to a succession of lights and shadows. 
The condition is one that makes it difficult to do accurate work and is 
conducive to eve fatigue. lor this reason, a steady, uniform produc- 
tion of light is desirable. This requirement is met by the modern 
means of producing light such as the mercury-vapor lamp, the incan- 
descent lamp, and the Welsbach burner. 

The source of light should not discharge impurities into the atmos- 
phere of the shop.” This factor should be considered in connection 
with ventilation if it 1s desirable to use some type of gaslight hecause 
of a cheap gas rate. 

Types of Illumination. The types of illumination may be classed as 
(1) general illumination, (2) local illumination, and (3) modifications 
of the two. 

General illumination has to do with the uniform distribution of 
light over the whole department with an intensity that will satisfy 
average manufacturing conditions within it. It is accomplished by 
equally spacing large lighting units. In most cases, the plane of the 
lights is about one foot below the ceiling level. The spacing of the 
lighting units 1s about one and a half times the height of the plane of 
the lights above the general plane of work. The distance from the 
wall to the nearest row of lights 1s about one-half of this distance. 
To illustrate, 1f the ceiling is about fifteen feet above the plane of work, 
the distance between the lighting units should be about twenty-one feet, 
and the distance of the nearest row of lights from the wall should be 
about ten and one-half feet. 

Local illumination has to do with the provision of a more intense 
light for certain limited areas within the department. In many cases 
it is necessary to supplement the general lighting with local lighting at 
the point of work on the machine. For this purpose a deep-hbowled 
reflector, mounted on a goose-neck, as shown in Plate 12, may be used 
effectively. Such local illumination is often obtained by using a clear 


1 Management's Handbook, p. 340. 
* See Industrial Management, R, H, Landsburgh, p. 137. 
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light with a shallow reflector suspended by a drop cord from the ceiling. 
Under such conditions, the light shines directly in the worker's eyes 
much of the time, producing a condition of glare. When local lighting 
is used without adequate general lighting, the intensely lighted area at 
the machine 1s surrounded by deep shadows. This condition also tends 
to cause glare. 

In some cases, a group of machines may require a higher light in- 
tensity. The general lighting scheme must be modified to give this 
intensity. This type of lighting is known as group lighting. 

Types of Lights. The types of lights commonly used in industry are 
(1) mercury-vapor lights, (2) incandescent lights, and (3) gaslights. 

In the mercury-vapor lamp, light is produced by an electric arc 
passing through,mercury vapor. It has a bluish-green color that gives 
the workers and their surroundings a most unnatural and unpleasant 
appearance. It has the advantage that it does not produce sharp shad- 
ows and is frequently used for this reason. The most common type 
of light is the incandescent electric lamp. When the lighting is prop- 
erly planned, it is the most satisfactory. In localities where gas is 
cheap, Welsbach burners may be used. They are efficient and the 
light has a good color. They have the disadvantage that they tend to 
vitiate the air. 

Methods of Lighting.—There are three methods of lighting, (1) in- 
direct, (2) semi-indirect, and (3) direct lighting. 

With indirect lighting, the light is reflected by means of opaque re- 
flectors, from the source of light to the ceilings and walls and thence 
into the room. A large share of the light is absorbed by the ceilings and 
walls and the cost of illumination is increased accordingly. If the re- 
flectors are allowed to accumulate dirt, there is a further loss of light. 
It has the advantage that it gives a soft, pleasant, diffused light, and for 
this reason it is sometimes used in offices. 

In semi-indirect lighting, the reflector is a semi-opaque bowl. Part 
of the light passes through the bowl and part is reflected from the walls 
and ceilings. A greater percentage of the light from the source reaches 
the working surfaces, and lighting costs are correspondingly less. This 
method of lighting is frequently found in offices. 

With direct lighting, the greater part of the light passes directly 
from the source of the light to the working surfaces. Usually a clear 
light is used with a dished metal reflector. The fixtures are inexpensive 
and easily cleaned. A greater percentage of light from the source 
reaches the working surfaces, and the cost of lighting is less than that of 
the preceding methods. Provided the lights are properly located and the 
style of reflector is selected with regard to the height of the lights above 
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the floor, there is little glare. Plate 13 shows a standard reflector. 
This method of lighting is commonly used in shops. 

Obviously, the more acute the angle between the eye, the work 
and the source of light, the deeper must be the bowl of the reflector 
to prevent the light from shining directly in the worker's eyes. The fol- 
lowing data’ indicate the relation between the height of the light and 
the style of reflector : 


Height above floor Type of reficctor 
B ft OF 1eSS-2cn oad beeen korres eset s Deep-bowled reflector 
O10 20 Haws ital ee et daeee beMe eee eeeeae ous Standard dish-bowled reflector 
Above 20 ftsi2scsaecergidsciwieetadatis wanes Flat, polished, steel disk 


Analyzing Lighting Conditions. Only sufficient information on in- 
dustrial lighting has been given to bring out its importance and to 
enable the executive to recognize poor lighting conditions. Any com- 
plete analysis involves technical details beyond the scope of this book. 
Tt can be made satisfactorily only by an illumination engineer. 

Heating and Ventilating. Proper shop heating and ventilating also 
has an important relation to the quantity and quality of production. 
In winter, poor air conditioning and ventilating may cause irregular 
attendance, due to sickness and colds. In summer excessive heat and 
humidity may interfere with production. In some cases it may be 
necessary to establish and maintain standard air conditions before cer- 
tain processes can be carried on satisfactorily. Too great humidity 
may cause materials and machinery to deteriorate rapidly. Varying 
temperatures make it difficult to keep fine machinery in adjustment. 
Proper air conditions directly affect the comfort of the worker and his 
ability to produce. Many industries, such as food packing, textiles, 
and wood working, have important air-conditioning problems. 

The quantity of air required, its temperature, and humidity depend 
to a large extent on manufacturing conditions. In general, 2,000 to 
3,000 cu. ft. of air per person per hour, having a relative humidity of 
60 per cent and a temperature of 68 degrees Fahrenheit, are satis- 
factory. 


1 Landsburgh’s Industrial Management, ,). 145. 
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CHAPTER V 
ORGANIZATION 


The Meaning of Organization. A clear distinction should be drawn 
between system and organization. ‘The system is the normal routine 
by which the operations of the business are carried on and controlled. 
When methods are developed which will enable one at any time to know 
how much of a given item of material is available for future orders, a 
system has been developed. An organization is a group of persons 
cooperating to a common end. In industry it refers to the relations 
of one component group of the personnel to another with regard to the 
proper functioning of the whole in the operation of the system. When 
certain departments are set up for the administration of certain man- 
agement functions and lines of authority for their control are deter- 
mined, organization is developed. 

Fundamental Considerations. There are certain fundamental consid- 
erations underlying good organization. In developing the organ- 
ization, consideration should be given to (1) the fundamental functions 
to be performed and their relation to one another, (2) the proper di- 
vision of responsibility, (3) the definite location of responsibility, (4) 
the proper functioning of the system, (5) the flexibility of the organ- 
ization, (6) provision for future growth, (7) personal characteristics 
and abilities, (8) the creation of an ideal, (9) the quality of the lead- 
ership. 

In developing the organization, the various functions to be per- 
formed, their relations to one another, and their relative importance 
should be studied. Such study is a necessary prerequisite for the de- 
velopment of the various organization units and their relations to one 
another in such a manner that they may cooperate to the best advan- 
tage in the performance of these functions. Failure to develop the 
organization with regard to functional relationships usually results in 
an illogical growth of organization units. Its effectiveness is reduced 
due to the fact that improper functional relationships make it difficult 
to coordinate to their activities. Usually, authority and responsibility 
are not delegated in a rational manner with the result that there is an 
increasing number of executives reporting to the chief coordinating 
executive. The increasing burden of direction and supervision tends to 
reduce his effectiveness. The organization becomes unwieldy and slows 
down. Furthermore, where functional relationships have been neg- 
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lected, it is often difficult to define and limit the scope of each execu- 
tive’s authority and the field of his activities. There is likely to be 
an overlapping of authority, jealousy, and conflict where there should 
be friendly, enthusiastic cooperation. 

The division of responsibility should be such that adequate super- 
vision can be given to the various units of the organization. It 1s ob- 
vious that a general foreman should not be given the supervision of a 
number of widely separated shops, unless there are considerations pe- 
culiar to the situation which make it imperative. The amount of time 
spent between shops and the difficulty in locating him quickly would 
make their supervision difficult. In order that adequate supervision 
may be given, executives should not be overloaded. Furthermore, in 
assigning departments to an executive, those departments should be 
grouped under his supervision whose functions and activities are com- 
plementary to one another. The development of the organization in 
accordance with this consideration facilitates the development of spe- 
cialists in the various fields of management. Responsibility and au- 
thority should be delegated with regard to the kind and importance of 
the functions to be performed. Responsibility can never be delegated 
satisfactorily unless sufficient authority for its proper discharge is 
granted. 

In the investigation of an organization, it is not uncommon to find 
that many employees, and perhaps some executives, have only a hazy 
idea of their responsibilities and the lines of authority to and from 
their jobs. Under such conditions, there may be excessive shifting of 
responsibility. [very executive and employee should know definitely 
the functions that he must adnunister, the duties that he must perform, 
and the results that are expected of him. If he knows that he will 
be held strictly accountable for these results, he will give his best 
efforts. 

A consideration which is closely allied to the proper division and 
location of responsibility is the development of the organization with 
regard to the proper functioning of the system. In some organiza- 
tions, separate departments must be set up for the performance of a 
given function. In others, a combination of functions is possible with 
satisfactory results. However, the relation of departments to one an- 
other should facilitate the operation of the system. The development 
of the organization in this respect is different for each company. For 
example, the functions of procurement by speculative purchase and pro- 
curement by routine purchase in some cases are administered hy sepa- 
rate departments under some general purchase executive. In other 
cases, by a single department. In any event, the purchase organization 
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must be such that the normal routine for purchase control can operate 
smoothly. 

The efficiency of operation is increased if the organization has flext- 
bility. At certain times, the production-planning organization may be 
working under great pressure. It may be desirable to expand it, set- 
ting up distinct units for the administration of certain planning func- 
tions. When a period of dull business arrives, the organization should 
be able to contract easily and quickly without loss of administrative 
efficiency. Similarly, it should be possible to expand or subdivide or- 
ganization units, as the business grows, without loss of coordination 
and effectiveness. The organization should be built with regard to 
the future as well as the present. 

In the division and location of responsibility, consideration should 
be given to the personal element. Obviously, department heads should 
be selected on the basis of experience and ability. In actual practice, 
the selection is often affected by personality, social or family connec- 
tions, factions in the organization, the aggressive desire of certain 
executives to extend their authority, and similar influences. Unless 
checked, they may result in considerable loss of organization effective- 
ness. It is not uncommon to find an executive whose aggressive per- 
sonality has enabled him to override other executives of equal or 
greater ability and to gather a large but motley array of organization 
units under his supervision. Of course, it may be desirable, in some 
instances, to divide responsibility in such a manner that the greatest 
use is made of certain executives having unusual ability and experience. 
Iinally, the design of the organization, with regard to its future 
growth, is affected by personal characteristics and abilities. An ex- 
ecutive may have sufficient ability and experience for present problems, 
but little adaptability and capacity for growth with the organization. 

The effectiveness of the organization depends to a large extent on 
the development of an esprit de corps. This, in turn, depends on tha 
creation of an ideal for which the whole organization is striving. It 
may be the manufacture of a product of unquestionable quality, the 
maintenance of a reputation for prompt deliveries, or any other ideal in 
which the organization can have a comm6on interest. 

The quality of the leadership is a factor, limiting the effectiveness 
of the organization. The difference between good and poor leadership 
is very often the difference between success and failure. Sometimes a 
poorly designed organization, using mediocre methods, enjoys consid- 
erable success because it is fortunate in having experienced principal 
executives whose personalities, tact, and afilities gain for them the 
loyal, enthusiastic cooperation of the whole organization. 
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Too much stress cannot be laid on good organization. It has been 

said that the organization is the engine that drives the business. If 
properly designed and tuned up, it is an important factor in the suc- 
cess of the enterprise. 
Types of Organization. There are five organization types, (1) the 
military or line, (2) the line and staff, (3) the functional, (+) the de- 
partmental, and (5) the conimittee forms of organization. In reading 
the following discussion of these types, it should be remembered that 
they rarely exist in their purest form. Most organizations are a cross 
of two or more of those organization structures which we have chosen 
to designate as organization types. 


FIG. 4 


A MILITARY oR LINE ORGANIZATION 


The military or, as it is often called, line type of organization is the 
logical outgrowth of the relations of master and journeyman. As the 
small business grows, and with it the organization, it becomes necessary 
for the owner-manager to delegate more and more responsibilities to 
subordinates. However, it is natural for him to retain as close super- 
vision of the discharge of these responsibilities as possible. As a re- 
sult, the military type of organization is characterized by a flow of ideas 
and orders from the head of the organization to those who are charged 
with their ultimate execution. In the industrial military organization, 
these orders impinge on the foreman in most cases. Ile is responsible 
for the performance of a wide range of duties which call for widely 
differing abilities. It is a common expression that the foreman is the 
key man in industry. It is difficult to obtain minor executives who 
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have all of these abilities. Consequently there is the complaint that it 
is difficult to get good department heads. 

Dr. Taylor felt that the great load that is placed on the foreman 
in the average plant is one of the greatest deterrents to the attainment 
of high efficiency. His list of duties which the military type of fore- 
man must perform indicates why many important functions are not 
handled properly under this type of organization. The duties and 
qualifications of the military type foreman, as Taylor summarized 
them, are: ? 


(1) Ele must be a good machinist. 

(2) He must be able to read drawings readily. 

(3) He must plan the work of his department and see that it 1s 
properly prepared. 

(4) Ile must see that each man keeps his machine clean and in 
good order. 

(5) Ile must see that each man turns out work of the proper 
quality. 
He must see that the men work steadily and fast. 
He must see that the work flows through the work centers in 
the proper sequence. 

(8) Fle must in a general way supervise time-keeping and rate- 
setting. 

(9) IIe must maintain discipline and adjust wages. 


In addition, much of the work of maintenance falls on him in many 
plants. 

The military type of organization has the advantage that the lines 
of authority are fixed and definite. Responsibility is easily placed. In 
small organizations, in which the division of responsibility need not 
be great, the military form of organization may give satisfactory re- 
sults. In such cases, functions are not highly developed, organization 
units are small, methods are simple, and the management is closely in 
touch with shop conditions. 

The Line and Staff Organization. As the business grows, the burden 
on the line organization becomes greater. The administration of the 
various functions of management becomes a more complex problem. 
The proper development of these functions calls for an increasingly 
greater range of ability and specialized knowledge in the individual 
executives, which is hard to find. Eventually they must be relieved from 
some of this increased load. Otherwise there will be a serious loss of 
efficiency, due to the tendency of the organization to break down. The 
exact point at which this tendency becomes noticeable depends on a 


1 Shop Management, by Frederick W. Taylor, p. 96. 
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number of factors, such as the personality and ability of the chief ex- 
ecutive, the nature of the product and manufacturing conditions. 
Recognition of the need for specialization naturally leads to the 
development of the line-and-staff type of organization. It is charac- 
terized by the creation of specialized or staff departments for the 
administration and development of certain functions. In most large 
concerns, the engineering functions, once performed by the line or- 
ganization, are handled today by an engineering department. Until 
recent years the problems of labor relations were handled by the line 
executives, as they arose, in the manner which best appealed to the 
particular line executive. In the more progressive concerns they are 
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FIG. 5 


A LINE AND STAFF ORGANIZATION 


now handled by specialists in the personnel department. In theory, a 
staff department has complete authority in its particular field in so far 
as policies and methods are concerned. In practice this authority is 
usually modified by conference with the line executives to insure co- 
operation and proper coordination of effort. Furthermore, the staff 
department must get the approval of some higher coordinating execu- 
tive before issuing to the line organization orders relating to new poli- 
cles or methods. The supervision of all activities of the operating de- 
partments remains in the line organization. The effectiveness of the 
organization is greatly increased by the administration by specialists 
of the important functions of production, which have become too large 
or complex to be handled effectively by the line organization. As a 
result, the line-and-staff type is quite common. 
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The Relation of Staff Indirect Expense to Production. It may be 
objected that staff departments require too much indirect or “nonpro- 
ductive’ labor. Most executives watch closely the expense of such 
labor. Obviously, they are justified in opposing unwarranted additions 
to the payroll. Unfortunately, they often fail to distinguish clearly 
between what is warranted and what is not. They will sometimes ap- 
prove the hiring of additional operatives to get more production, and 
disapprove the hiring of clerks, for the same purpose. Yet the staff 
departments, by facilitating production and removing interferences to 
it, may be able to increase production far more. 


WORKMEN 





FIG. 6 
A FUNCTIONAL ORGANIZATION 


The Functional Organization. In the functional form of organiza- 
tion, specialization is carried much farther. Lach of the important 
functions of management 1s administered by specialists. In order that 
the organization may get the greatest benefit from the specialized 
knowledge of these functional executives, they are given full authority 
over operations in so far as their functions are concerned. 

In the completely functionalized organization there is no line or- 
ganization. The employee must look to a number of executives for 
instructions. This may impair discipline by permitting him to play 
off one executive against another. Furthermore, it is difficult to draw 
sharp dividing lines between many of the functions of management, 
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and accordingly there is danger of conflict of authority between the 
various functional executives. 

In the small organization it is necessary to combine functions in 
the interests of economy so that many of the advantages of function- 
alization are lost. As the size of the organization decreases, the neces- 
sity for combining functions increases, and as a result the form of 
organization tends toward the military form. However, in developing 
methods for the small organization, functions should be recognized 
clearly and provision should be made for their proper administration. 

There are many cases where functionalization has been developed 
extensively, but there are almost no pure, functional organizations. 
In most cases complete functionalization is prevented by the great in- 
crease in indirect expense involved and the fact that the division of re- 
sponsibility results in inefficiency if carried beyond a certain point. 
The Taylor Functional Organization. Dr. Taylor's shop organization 
was a pioneer attempt to functionalize shop management. <As_pre- 
viously stated,’ he felt that the military type of foreman has so many 
and varied duties that it is impossible for him to perform all of them 
efficiently. To avoid this situation, he developed a shop organization 
which divided the various functions of the military-type foreman 
among eight functional foremen.” The executives are listed below, 
with a brief statement of their duties: 

(1) The Order of ork and Route Clerk planned the work, routed 
it through the shop, made schedules for various Jobs, and determined 
the order of work. The development of this function has resulted in 
the modern planning department. 

(2) The Instruction-card Clerk made out instruction cards for the 
workmen. Instead of leaving to the judgment of the workman the 
selection of the tools to be used, the speed and feed of the machine, 
and other problems relating to the performance of the operation, the 
best method of performing it was determined by scientific analysis 
and recorded on the instruction card. 

(3) The Time and Cost Clerk secured the basic information for 
the cost and production records. He issued and received the workman's 
job tickets, figured job costs, and performed similar duties. Today, 
the cost function, in most progressive concerns, is administered by a 
staff organization, the cost department. Much credit for its develop- 
ment must be given to Taylor’s recognition of the importance of accu- 
rate costs. 

(4) The Gang Boss was a shop functional foreman. Tlis function 
was preparation for production. He moved work to the machine, set 


1 See p. 45. 
2 Shop Management, by Fredciick W. Taylor, p. 100. 
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it properly in the machine, and moved it to the inspector when the job 
was completed. Ile saw that tools and equipment were at hand and 
that there was work ahead of each operator at all times. Taylor was 
among the first to recognize the importance of the preparation function 
in management. 

(5) The Speed Boss was essentially a teacher who instructed the 
workmen in the hest method of performing the operation as shown by 
the instruction card. In many modern organizations, the principle of 
increasing production by increasing the worker's skill content is ap- 
plied through a training division in the personnel department. 

(6) The Inspector was responsible for the quality of the work. 
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FIG. 7 
THe TAYLorR OrGANIZATION 


(7) The Repair Boss had charge of repairs to machinery and 
equipment. Under the military form of organization, the foreman 1s 
often responsible for such work. The function of maintaining the 
physical efficiency of plant and equipment has been developed highly 
in many plants and is administered by a staff department, known usu- 
ally as the maintenance department. 

(8) The Disciplinarian administered the personnel functions in the 
shop. In addition, the Taylor plan of organization provided for an 
employee’s mutual benefit association, an employment bureau, and 
other personnel activities which have since been combined and devel- 
oped into the modern personnel department. 

In order to insure coordination between the efforts of the various 
functional foremen, general functional foremen or functional super- 
visors were set over them. The supervisors should be broad-gauged 
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executives, capable of adjusting differences between functional forernen 
with a minimum of friction. 

Taylor’s organization was developed in the metal-working indus- 
tries, and as a result could not be applied to other industries without 
some modifications. For example, in industries where there is no well- 
developed engineering department, such as the clothing industry, it 
would be necessary to add another functional executive who might be 
called the specification clerk. His function would be to make the spec- 
ifications for material and product, work up such basic information as 
js necessary for the proper control of production, and in general per- 
form those engineering functions which are prerequisite to production 
control. 

The Taylor form of organization in its entirety has not been intro- 
duced in American industry to any great extent. In part, this is due 
to the fact that it is difficult to convince executives that the savings 
from functionalization can offset the increased indirect shop expense. 
Modern organization methods make it possible to administer functions 
effectively at less expense. Even if this were not so, it could not be 
introduced in many industries without numerous changes. The char- 
acteristics of the industry affect the development of the organization 
materially. Finally, the Taylor division of functions is adapted chiefly 
to shop conditions. It cannot be applied readily to the other units of 
the organization, as, for example, the purchasing department. 

The Taylor functional organization is interesting to students of 
management because it was the first to give clear-cut recognition to 
many important functions of management. It focused the attention of 
the more progressive managers on them. The development of many 
important organization and management methods can he traced to it. 
The Otterson Organization. An interesting development of a func- 
tional organization was made at the Winchester Repeating Arms Co., 
by Mr. John E. Otterson during the World War. In order to meet 
the war needs for munitions, the company expanded its personnel ap- 
proximately 450 per cent until at the peak of its activities, it was em- 
ploying about 22,000 employees. This great expansion, coupled with 
the difficulties incident to manufacturing under war conditions, changed 
the character of the management problems to such an extent that it 
became necessary to change the form of organization to one which was 
largely functional. 

Management was divided into five basic functions, (1) planning, 
(2) preparation, (3) scheduling, (4+) production, (5) inspection. 
Planning determines what shall be done and how it shall be accom- 
plished. Scheduling determines when it shall be done. Preparation 
determines whether the job can be done in accordance with the plans 
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and schedules, and anticipates interferences to production. Production 
is responsible for the actual accomplishment. Inspection determines 
the quality of the results. Fig. 22 is a sketch of the resulting organ- 
ization. Each of the five functional supervisors had complete charge 
of those phases of manufacturing within his particular field. In the 
shop organization, the functional overseers reported to their functional 
supervisors 1n so far as the execution of their functions was concerned, 
but reported to the foreman in all matters of discipline and the routine 
operation of the shop. By this arrangement, the foreman’s authority 
was not impaired. In fact, the overseers usually looked to him as their 
immediate superior. The advantages of functionalization were gained 
without loss of coordination or serious conflicts of authority. 


FIG, 8 
THE OTTERSON ORGANIZATION 


There was a large number of shops, many of which had large pay- 
rolls. In shops which were not large enough to support the complete 
organization, the clerical work of the planning and scheduling over- 
seers, or the work of the preparation and production overseers, could 
be combined. 

In some respects the Otterson shop organization is similar to the 
Taylor organization. The preparation overseer performs duties which 
are similar to those of the gang boss. The production overseer per- 
forms the duties of the spced boss and acts as an assistant foreman. 
The planning and scheduling overseers perform many of the duties of 
the order-of-work clerk and time-and-cost clerk. The inspectors per- 
form practically the same duties in both organizations. The other 
functions performed by the Taylor functional foremen are handled by 
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staff departments. The use of functional supervisors is similar to 
Taylor's use of general functional foremen. 

The Otterson organization is based on a logical division of the 
functions of management. It can be applied to other than the shop 
departments more easily than can the Taylor organization. Further- 
more, the functions can be combined to meet the needs of the small 
plant more readily. 

The Sub-departmental Type. The recognition of the fact that the 
average military foreman is overloaded has led, in some instances, to the 
development of a type of organization which may be termed the “‘sub- 
departmental” form. Under this plan a shop department is divided 
into a number of small sub-departments. A sub-foreman or “straw 
boss” is placed in charge of each sub-department. If the department 
had a large group of production milling machines and a group of pro- 
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THE SuB-DEPARTMENTAL ORGANIZATION 











filers, a straw boss might be placed over the milling machines and an- 
other over the profilers. For these small groups of machines, the 
straw bosses would perform, under the general supervision of the fore- 
man, all of the functions of shop management which are usually per- 
formed by the foreman for the department as a whole. In this manner 
the foreman 1s relieved of many of the details which usually take up 
his time. 

The sub-departmental organization, theoretically, is weaker than the 
functional form in that it assumes that sub-foremen can be obtained 
who are capable of performing efficiently all of the functions of shop 
management for their group of machines. Yet, one of the common 
complaints in industry is that it is difficult to obtain competent depart- 
ment foremen. It is true that it is easier to perform the various func- 
tions of shop management for a small group of machines than it is to 
perform the same functions for the department as a whole. To some 
extent, such an organization violates the more modern conception that 
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the real job of the foreman is that of a leader whose important func- 
tion is to maintain the efficiency of his shop by maintaining morale, 
instructing his men in the best production methods, supervising produc- 
tion and removing interferences to it. 

The sub-departmental organization is based on a mechanical rather 

than a managerial functionalization. It is an improvement over the 
military type in so far as it takes part of the load from the foreman. 
It tends to produce specialists in the operation of a particular type of 
machine or the production of a particular class of work, while the func- 
tional organization produces specialists in the performance of a given 
function of management. As a result, these straw-bosses become expert 
in setting up and operating their machines to get the maximum pro- 
duction out of them. Their specialized experience often enables them 
to make suggestions regarding changes in the method of processing or 
handling work which result in considerable increases in production. In 
many instances, the sub-departmental form of shop organization has 
been introduced with good results. 
Committee Organization. The committee form of organization 1s 
based on the idea that the best policies are made by the common coun- 
sel of those affected; that policies which have been formed by such 
counsel are more likely to receive the support of those who must put 
them into effect, and as a result have greater chances of success. In 
connection with the administration of important management func- 
tions, there is a pooling of executive experience and ability. To some 
extent these advantages are offset by certain disadvantages. Commit- 
tees are often slow to act because of extended discussions, sometimes 
futile or irrelevant. Many times, the opportunity for debate is too 
tempting. I*urthermore, committees cannot meet often enough to 
permit the handling of details without taking too much of the execu- 
tives’ time from their regular duties. For this reason their work is 
usually confined to considerations of the broader problems of manage- 
ment in their particular fields. They are usually legislative, judicial, 
or advisory; rarely executive. There is often a tendency for one or 
two individuals with strong personalities to dominate the committee. 
As a result, the policies of the committee are not the common counsel 
of all of the members, but rather the opinions of the one or two who 
dominate. 

The committees usually consist of a chairman, secretary, and vari- 
Ous members appointed by the management. The chairman should be 
picked not only for his knowledge of the field, but also for his ability 
to get things done in meeting; in other words, to prevent the some- 
what irrelevant debates which often develop. In addition to keeping 
the minutes of the meetings, the secretary transmits the policies adopted 
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by the committee to the proper authority for approval. In some cases 
he may follow up their application and report developments to the 
committee. 

The committee system is always developed in connection with and 
is complementary to some other form of organization. The more 
common committees are the production committee, the product com- 
mittee, the matcrials committee, the foremen’s committee, the shop 
committee, and the routines committee. 

The production committee determines what shall be made and sold, 
and when. It is found chiefly in those concerns whose products for 
the most part are standard and who have a sales or statistical organi- 
zation which can forecast probable demand with reasonable accuracy. 
The natural tendency of the sales department is to give those products 
which have the Icast sales resistance a larger place in the sales program. 
If one product uses considerably more of a given type of labor or 
equipment than another, this tendency may result in an unbalanced 
production program, certain departments working overtime while 
others are working part time, and increased manufacturing costs On 
the other hand, the manufacturing department wishes to manufacture 
those items which can be produced most easily, at least cost. In many 
cases they may not meet consumer demand satisfactorily. The produc- 
tion committce must find the happy medium and formulate a well- 
halanced sales and production program. The committee is usually 
composed of representatives of the sales, production, engineering, and 
financial organizations. 

The product comniuttee determines what the product shall be. It 
considers requests for changes in the design of existing products or 
the introduction of new products. Such requests may come from the 
sales, production or engineering organization, or from the customer. 
They bring up problems which affect sales, production, engineering, 
purchasing, and finance, such as the extent to which the need for the 
new item is already covered by some other item, the amount and kind 
of equipment necessary to produce it, the ability of the company to 
finance the proposition, and many others. In some cases, the com- 
mittee may pass on methods for the production of the product and 
the maintenance of its quality, when they involve considerable expendi- 
tures. The committee is composed of such executives as the sales man- 
ager, the treasurer, the production manager, the chief engineer, and 
the purchasing agent. 

. The materials committee controls the company's inventory. It is 
interested in the execution of the purchase program, the determination 
of maximum ordering quantities and minimum ordering points below 
which the inventory of a given item should not drop without reorder- 


ORGANIZATION 55 


ing, the standardization of materials, the development of efficient 
methods of material control, and similar problems. The committee is 
composed of such executives as the materials superintendent, the pur- 
chasing agent, the production manager, the chief engineer, and probably 
a representative of the financial organization. 

The foremen’s committee is relatively common in American indus- 
try. It is intended to furnish a forum in which the foremen can discuss 
their problems, to provide a means for making recommendations to 
the management regarding changes in shop methods or conditions. 
Obviously, a recommendation from the foremen’s committee will carry 
greater weight than the same recommendation from an individual fore- 
man. Furthermore, the committee offers an opportunity to iron out 
individual differences which arise in the course of the day’s work. 
Such differences sometimes lead to personal antagonism and lack of 
cooperation between foremien which is not conducive to maximum 


production. 





FIG. 10 
Tuk INVERTED TREE CHART 


The shop committee is composed of representatives of the employ- 
ees, elected by and from their own number, who meet with or without 
representatives of the management for the purpose of making recom- 
mendations to the management regarding wages and working condi- 
tions and such other matters that come within the scope of the com- 
mittee. It will be discussed later under employee representation. 

The routines committee probably is less common than any of the 
preceding committees. It is concerned chiefly with the development 
and standardization of methods for handling the routine management 
problems. 

The Organization Chart. The organization chart should be a man- 
agement tool which can be used constantly in studying and improving 
the organization. It should be so clear that any member of the organi- 
zation can understand readily the division of responsibility, the lines 
of authority, and the relation of one department to another. It should 
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be inexpensive and such that it can be easily changed as the organization 
changes. The four common types of organization charts are the 
inverted tree chart, the circular chart, the pyramid chart, and the hori- 
zontal line chart. 

The inverted tree chart, so called from its shape, is a very common 
type. The various organization units are represented by rectangles in 
which the title of the unit appears, sometimes with a brief statement 
of its functions. The lines connecting the different squares show the 
flow of authority. Such a chart is relatively expensive and must be 
redrawn, traced, and blue-printed if organization changes of any extent 


EXECUTIVE 
Depor tment Department Department 
Executive Executive Executive Executive 
Func tio ns Functions Functions Functions 
Duties Duties duties duties 
Personnel Personnel Personnel Personnel 
Sub- executive Sub- executive Sub-executive Sub- executive 
Fucntions Functions Functions Functions 
Duties Duties Duties Duties 
Persornel Personnel Personnel Personnel 
Sub-executive Sub-executive Sub-exea tive Sub-executive 
Functions Functions Functions Functions 
Duties Duties Duties Duties 
Personnel Personnel Personnel Personnel 
FIG. 11 


Tne Pyramip CHART 


occur. As a result it is difficult to keep up to date in a rapidly develop- 
ing organization. Jlowever, it gives a graphic representation of the 
organization which is easily understood. 

The circular chart is based on the idea of a radiation of authority 
from some central source of authority in the organization. It presents 
an attractive appearance, but is even more expensive to make and diffi- 
cult to change. Furthermore, it is more difficult to read and under- 
stand. 

A type of organization chart, used by the National Cash Register 
Company, may be termed a pyramid chart. Underneath the pyramidal 
top and supporting it, are a number of columns representing the prin- 
cipal organization units. In each column, the functions of the unit, its 
chief executive, and the executives and departments reporting to him 
may be shown. Similar charts can be made for each of these depart- 
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ments in as great detail as may be necessary. If made on 8% x 11 inch 
typewriter paper, the charts can be typed and bound conveniently in 
a loose-leaf binder. In this form they can be made and altered cheaply 
and quickly. They contain more information of value in analyzing 
the organization and are sufficiently graphic so that the relations of 
the various organization units can be easily understood. 
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The horizontal-line chart is the most practical form of organization 
chart. It is typed on 8% x 11 inch typewriter paper. It consists of 
three columns. In the first column appears the organization head; 
in the second the names and titles of those executives reporting imme- 
diately to him; in the third, a brief statement of the duties and func- 
tions of these executives. There is a separate sheet for each division 
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and subdivision of the organization. These sheets are bound in a 
folder in the order in which the organization units are related to one 
another. In Fig. 12, the number (8) under the purchasing agent, 
refers to page 8 of the folder, on which his organization is found in 
detail. In addition, to being inexpensive and easily changed, it is pos- 
sible to get more organization data on this type of chart than on the 
preceding types. The names of department heads and the personnel 
of their departments can be shown. In the illustration, it will be seen 
that the balance-of-stores clerk has three ledger clerks under him. A 
change in the department head necessitates only retyping one or two 
sheets. The charts are sufficiently graphical so that the division and 
location of responsibility and the relation of the organization units can 
be understood readily. 

The organization chart gives a graphical analysis of the relations 
of the divisions and subdivisions of the organization and the functions 
which they perform. It facilitates the study of the factors in organi- 
zation as they affect the company, and aids the logical development of 
the organization. In so doing it minimizes the effects of favoritism 
and aggressive personality. It furnishes a permanent record of the 
growth of the organization, further assuring its orderly development. 
Finally, the executives and employees have a clearer conception of 
their relations to one another which tends to reduce misunderstanding, 
friction, and lack of cooperation. 

Executive Nomenclature. In discussions of organization, such terms 
as high executives, major executives, minor executives, do not always 
have the same meaning when used by different authors. For the pur- 
poses of this book, the higher executives are those general officers of 
the company whose chief function is to interpret the policies of the 
board of directors to the organization. Usually their offices are estab- 
lished by the charter of the company. Jn most cases the higher execu- 
tives are the president, treasurer, and secretary of the company. The 
managing executives are those executives who are responsible for the 
administration of one or more of the major functions of the business, 
and who determine policies governing their performance, subject to 
the approval of the higher executives. Examples of such executives 
are the vice-presidents in charge of sales or production in many large 
corporations. The major executives are those executives who are 
engaged in the determination of policies and methods in connection 
with the performance of some specific function, subject usually to the 
approval of some managing executive. The chief engineer, the pro- 
duction manager, the personnel director, and similar executives usually 
fall in this class. The minor executives are concerned chiefly with the 
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execution of orders issued by the previous classes of executives. Fore- 
men and chiefs of sections are examples. There are no sharp dividing 
lines between the different classes of executives. In some cases the 
duties of an executive are such that he may be placed in two different 
classes. 


CHAPTER VI 
THE INDUSTRIAL ORGANIZATION 


The General Functions of the Industrial Organization. lor the 
most part, the functions of the industrial organization can be classified 
in three general groups; those functions which are concerned chiefly 
with (1) the production of the company’s products, (2) their distri- 
bution, and (3) the financing of production and distribution. In gen- 
eral, they are administered by the production, sales, and financial 


organizations, respectively. The organization shown in Fig. 13 is 





















WVICE- PRES. 
OF” FPFPOO UCTIC 


SLC FICE Toe PR 


WCeE- eS. 
or Sale 





pooncnd. [acon mene): ‘wee Cee oer 
FIOM SU Nak “NMGOINE SILT 
T'IG. 13 
AN INDUSTRIAL ORGANIZATION 


based largely on the classification of functions given above. It is not 
intended to be an ideal form for general adoption, nor is it implied 
that most large industrials use this form. ss stated previously. the 
organization for a given concern must be developed with regard for 
its particular problems. Furthermore, functions could not be special- 
ized to the same extent in the small concern. In a large organization, 
an executive may be specialized in the administration of one function 
or even a phase of it. In the small organization, it may be necessary 
to have him administer a number of functions in order to keep down 
the indirect expense to a figure which the business can support. It is 
helpful to study the large organization because the various functions 
of management may be viewed in detail, much as light is passed through 
a prism in order that its elements may be studied. The organization in 
60 
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Fig. 13 emphasizes the important functions in factory management 
and furnishes a convenient basis for their study. 

Before examining in detail the units of the organization and. the 
methods which they use in performing their functions, their work will 
he surveyed briefly to get an impression of the organization as a whole. 
The Sales Department. ‘The sales department is concerned with stim- 
ulating and developing the sales of the company’s products, to the end 
that a satisfactory volume of sales may be obtained at a reasonable 
cost of distribution. While it has no jurisdiction over the function of 
production, it is interested in the attainment of minimum production 
costs consistent with the required standards of quality, because the 
price at which most products can be sold directly affects the ease with 
which they can be distributed. 

The head of the sales organization in large concerns is often desig- 
nated as the vice-president in charge of sales. ITlis work is such that 
he may be classed as a managing executive. Ie directs and coordinates 
the sales and advertising organizations. ITe cooperates with the finance 
and production organizations in the planning of sales and production. 
In addition to a technical knowledge of markets and selling, he must 
have the qualities of leadership, executive ability, vision, and enthu- 
siasm to a high degree. Personal inspiration often plays a great part 
in the work of the sales force. The results obtained by the salesmen 
in the field are affected in no small degree by the encouragement, coop- 
eration, and advice which they receive from the home office, and their 
confidence in their chief executive. 

Under the vice-president, there may be a sales manager who is 
directly in charge of the sales department. Jle may be classed as a 
major executive. Such problems as the determination of sales sched- 
ules, the analysis of the product from the standpoint of its selling qual- 
ties, changing consumer demand, deliveries, seasonal variations in 
demand, and similar problems come within his field. The sales force, 
the sales engineering section, and the sales office organization may be 
under his supervision. 

The work of the sales-engineering section may be subdivided into 
the work of sales promotion, sales planning, and sales analysis. The 
development of this section in modern organizations 1s an example 
of the tendency to introduce methods of scientific analysis in the solu- 
tion of management problems. The salzs-promotion group is engaged 
in the study of those factors affecting the growth and volume of sales. 

‘xamples of such problems are the study of changes in consumer 
demand, the introduction of new lines, the elimination or re-design 
of old lines, methods of displaying goods, cooperation with the adver- 
tising section in determining the desirability of local advertising, re- 
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search into local trade customs and buying habits, the determination 
of the nature and extent of competition in different territories, and 
similar problems. Its function is to render service to the selling organi- 
zation and to the dealers in the promotion of sales. The function of 
the sales-planning group is to predetermine the volume of sales and to 
aid in the planning of sales work as far as possible. It is concerned 
with the analysis of territories with a view to determining their sales 
possibilities. In this connection it is interested, with regard to any 
given territory, in the character of the population, its accessibility, 
trade customs, the density of population, the relative extent of compe- 
tition, the present and probable future state of business, and similar 
factors. Much of this information may be furnished by the sales- 
promotion group. The setting of quotas for the salesmen often is an 
important phase of its work. The determination of the volume of 
sales which should be made in each territory furnishes a definite goal 
toward which the salesmen can work. When coupled with some finan- 
cial reward for attaining the goal, they have an incentive to make 
more than an ordinary effort to sell goods. The sales-analysis group 
is concerned with checking the results obtained by the sales force. Its 
work is largely that of statistical analysis. The comparison of actual 
sales with estimated sales, the determination of the effect of new poli- 
cies and methods on the volume of sales, the study of seasonal and 
cyclical influences, are examples of its work. In some cases, much 
of it may be done by a central statistical section. In the small organiza- 
tion, sales promotion, sales planning, and sales analysis would be com- 
bined in one section of the sales organization. 

The office organization of the sales division usually 1s under the 
supervision of an executive whose status 1s largely that of a chief clerk. 
Tlis importance depends on the nature and size of the organization. 
The work of the office organization consists of the handling of sales 
correspondence and files, the receipt, recording, and distribution of 
mail within the department, the checking salesmen's routings, and simi- 
lar work which is routine in its nature but essential to the smooth run- 
ning of the sales organization. 

The position of the credit manager in the organization is a con- 
troversial question. Some authorities prefer to combine credits and 
collections and place them under the financial organization. Others 
prefer to divorce them and place the credit work under the sales 
organization. Some of the recent writers on the subject * advocate 
an independent department whose head reports to some managing or 
higher executive in the organization. Recognition of the importance 
of reducing losses from bad debts to a minimum has resulted in the 
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development of extensive machinery for supplying credit information 
and a credit technique which requires trained ability. When credits 
and collections are under the sales organization they may be influenced 
unduly by the desire to get and hold business, resulting in too liberal 
extensions of credit and a weak collection policy due to a reluctance to 
lose customers. When credits and collections are placed in the financial 
organization, they may be influenced unduly by the desire to eliminate 
bad debts, which may result in the refusal of credit to concerns whose 
prospects warrant its extension, although their financial position at 
the moment may not. The work of collection is not undertaken until 
the company has fulfilled its part of the contract and the purchaser has 
not made payment as agreed. Often the collection department does 
not take over the case until all ordinary methods of obtaining payment 
have failed. The work requires great tact and judgment. From the 
nature of the problem, it seems that a credit-and-collections depart- 
ment is desirable which is separated from the sales and accounting 
organizations but which cooperates closely with them. 

The advertising manager ranks usually as a major executive and 

reports to the vice-president in charge of sales. In addition to the 
usual qualities of an executive, he must have imagination, a practical 
knowledge of the psychology of advertising and a good technical know]- 
edge of his profession. Ile is responsible for the planning of adver- 
tising campaigns, usually in cooperation with the company's advertising 
agency and the sales department. He assists in working out copy and 
checks the final copy submitted by the agency. He checks the results 
obtained from advertising and controls advertising expenditures under 
the supervision of the vice-president. 
The Financial Organization. The financial organization is concerned 
with the procurement of capital for the purposes of production and 
distribution, the control of the use of this capital, checking the results 
obtained from its application, and similar functions. It 1s one of the 
three principal divisions of the industrial organization. 

In the illustrative organization shown in Fig. 13, the treasurer 
of the company is in charge of the financial organization. He exercises 
general administrative control over its various departments and 1s 
directly concerned with the work of corporate financing and the control 
of corporate funds. In many organizations he administers only those 
functions which have to do with financing and the control of funds. 
In such cases, the other financial functions are centered in some execu- 
tive who has the financial control of operations. This executive usually 
is called the comptroller. The requirements of the treasurer’s position 
are such that it can be filled successfully only by a man of unusual 
business and financial ability, equipped with a thorough knowledge of 
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corporation finance and banking practice, good business foresight, and 
considerable experience in the work of financial control. [is work 
requires a combination of abilities which cannot be found easily in one 
person. 

The comptroller is in actual charge of the financial control of opera- 

tions. In large organizations he may report directly to the president or 

general manager, rather than to the treasurer. Under his supervision 

there would probably be such departments as auditing, payroll, account- 

ing, statistics, budgetary control, and costs. In some cases, the office 

manager and the manager of credits and collections might report to 

him. 

The chief accountant maintains the records of the company's finan- 
cial status and the effects of its activities on this status. He is responsi- 
ble for a correct accounting of the company’s assets, liabilities, incomes, 
and expenditures, and the origination of various financial reports neces- 
sary for the control of operations. Under him come a number of 
sections making up the accounting department, such as the accounts- 
receivable and the accounts-payable sections. Jn general, the various 
sections are specialized in the handling of certain controlling accounts. 
Through the operation of its books, the accounting department deter- 
nines in terms of money the results obtained by the organization for 
a particular period. In its balance sheets and profit-and-loss statements 
it presents a picture of the causcs and effects of these results. 

The cost department records the amounts expended for labor and 
material in producing the various items of product and distributes the 
indirect expense of manufacturing over them to get the cost of each 
item. Usually it keeps the factory indirect expense accounts. The cost 
records form the work-in-process ledgers. Therefore they should be 
tied into the general books of the company. In some instances the 
cost department is placed in the production organization because miuch 
of the cost data is the by-products of production control. Time tickets, 
material requisitions, and expense orders are essential to the proper 
planning and control of production as well as cost accounting. Even 
so, it 1s essential that there be a proper linking up of the gencral 
accounts and the cost accounts. Probably the cost department can 
function with equal success in either organization, provided that the 
cost accountant realizes his obligation to furnish information which 
will meet the needs of both and has a sufficient background of produc- 
tion and accounting experience to permit him to do so. 

The auditor is responsible for the determination of the correctness 
of the accounts. JIe must examine them in sufficient detail to deter- 
mine the accuracy with which they have been kept. In many instances, 
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this means that he must go back to original sources of information and 
check individual entries in the hooks against them. The work requires 
not only a considerable knowledge of accounting, but patience, powers 
of analysis in determining the causes of discrepancies, and the ability 
to work accurately over a great mass of detailed data. 

In those organizations which have a statistical organization the 
chief statistician often reports to the comptroller. Ile receives facts 
bearing on the conduct of the business from all departments. It is 
his function to apply statistical treatment to these facts and present 
them in a manner which will make their relations to management prob- 
lems easily understood. ‘The need for more refined and accurate data 
in connection with managerial control has resulted in considerable ap- 
plication of statistical methods in industry. The statistician has gained 
a permanent place in the industrial organization, particularly in the 
larger concerns. 

The credits-and-collection department, in our organization, has 
been placed under the comptroller. As previously noted, its position in 
the organization is controversial. 

In an increasing number of concerns an attempt is being made to 
predict and plan probable sales and production for a coming period, and 
the necessary expenditures. Budgets covering the various items of 
sales and manufacturing expense are set up. The expense of depart- 
ments are checked currently against their budgets to determine the 
extent to which they are keeping within them. The work of budgetary 
control is under a budget director who reports to the comptroller. 

The Secretary’s Organization. The function of the secretary is to 
record the work of the board of directors and to transmit their policies 
to the organization. In this connection, he keeps the minutes of the 
directors’ meetings, attends to the correspondence of the board, and 
handles the corporate books. In some instances the issue of securities 
and the transfer of stock are handled through his office. Decause of 
the nature of the secretary’s work, the office organization may be 
placed under his general supervision. The secretary should be a man- 
aging as well as a corporate executive. In many cases, however, his 
function is not highly developed. This is particularly true in those 
concerns whose management is largely a family affair. “The secretary 
may be chosen on the basis of family connections rather than ability. 

In the organization in Fig. 28, the office manager reports to the 
secretary. In many organizations he reports to the comptroller because 
the routine work of the financial organization requires a large amount 
of clerical service. The office manager acts as a coordinator between 
the various departments in so far as the performance of routine clerical 
work is concerned. This is particularly true in the case of the general 
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administrative offices. Jn addition, he is concerned with developing 
better office practice. The office manager often has direct charge of 
the clerical force of the general offices and of the office methods of 
the whole organization. Because of the nature of his work, particu- 
larly in connection with the introduction of modern office methods in 
departments not directly under his supervision, the office manager 
must possess tact and personality to a high degrce, in addition to a 
thorough knowledge of office practice. For the same reasons, it 1s 
probable that he can work to better advantage under the secretary, 
provided he is competent to exercise general supervision of the office 
Inanager's work. 

The Production Organization. The production organization is re- 
sponsible for the manufacture of products having requisite quality, in 
quantities sufficient to mect the sales demand promptly, at a cost which 
will permit the company to compete profitably in so far as the factors 
affecting costs and profits are within its control. Usually it is the 
largest division of the industrial organization. 

The production organization operates under the supervision of a 
chief production executive, who is usually called in large concerns the 
vice-president in charge of production. Decause of the size of his 
organization and the varied nature of the functions which are per- 
formed by it, he must possess great organizing ability, leadership, and 
ability to get results. IIe should have a broad knowledge of technical 
processes. Ilowever, a detailed knowledge of the processes carried on 
by his organization is less essential. In many cases, a man who has 
succeeded in such a position with one concern also succeeds in a similar 
position with another. Because of the fact that he cannot be familiar 
with all of the operations carried on by his organization, particularly 
in a Jarge plant, he must have more than ordinary quickness of percep- 
tion, good powers of analysis, and good judgment. The vice-president 
in charge of production is a managing exccutive. A large number of 
departments, such as the production division, the personnel department, 
the maintenance department, the materials division, the power depart- 
ment, and the engineering department, report to him. 

The Production Division. The production manager is in charge of 
the production division. Ile is directly responsible for the application 
of men and machines to materials in the economical production of the 
right quantity of goods of the right quality at the right time. In the 
average plant, large numbers of orders are progressing through the 
plant in various stages of completion. In many cases they must be 
completed by a given date in order that promised shipping dates may 
be met. In the ordinary course of manufacturing, interruptions to 
production, such as machine breakdowns, will occur which will tend 
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to prevent this. The production manager's work requires a high degree 
of coordinating ability, together with a thorough knowledge of pro- 
duction methods. The two principal phases of his work are the control 
and execution of production orders. Consequently, in the larger and 
more progressive organization the executives in charge of the planning 
and control of production and the operations in the directly productive 
shops report to the production manager. These executives may be 
called the planning supervisor and the general foreman or shop super- 
intendent, respectively. Their work will be discussed in greater detail 
under production control. 

The Personnel Department. The personnel department is responsible 
for the procurement, selection, and maintenance of the company’s per- 
sonnel and the proper solution of the various problems of labor relations 
which constantly arise in the course of manufacturing activities. The 
status of the executive in charge of the department varies greatly in 
industry, to some extent with the character of the business, but to a 
greater extent with the progressiveness of the concern. In this book 
he is called the personnel manager and is classed as a major executive, 
reporting to the vice-president in charge of production. The personnel 
manager should possess a considerable amount of social sympathy and 
understanding of the worker's viewpoint, inasmuch as he 1s dealing 
primarily with human rather than mechanical forces. IIe must have 
tact, personality, and the ability to win the confidence of the emplovees 
because his work 1s with them. In addition to the social phases of his 
job, there are business and managerial phases which are equally inipor- 
tant. In connection with the manufacturing program, he should antict- 
pate the necessity of increasing or decreasing working forces. In many 
instances the satisfactory solution of this problem requires some analy- 
sis of the relation of the cycles of employment and general business to 
the cycles of the company’s business. The personnel manager should 
have sufficient knowledge of manufacturing methods and problems to 
enable him to judge the effects of proposed personnel methods on the 
organization. For the satisfactory solution of these as well as many 
other problems, the personnel manager must possess business acumen 
in addition to his other abilities. The work of the personnel manager 
has passed beyond the stage where it can be placed in the hands of 
an intelligent clerk and forgotten. Tts technique has been developed 
and improved to the point where specialized training is required for 
its successful supervision. The principal functions of personnel work 
are employment, medical supervision, employee service work, education 
and training, and the development of personnel standards. While the 
personnel organization will vary somewhat with each concern, the 
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larger organizations often have a specialized executive in charge of 
each function. 

The employment section, under the supervision of an employment 
supervisor, who reports to the personnel manager, has the function 
of labor procurement and to some extent maintenance. It performs 
such work as selection of employees, hiring, placement, transfer, pro- 
motion, wage contro], and separation. In addition it keeps employee 
and other personnel records. It replaces the old haphazard, cut-and-try 
method of hiring and firing until the right man for a given job 1s 
secured, with more scientific employment methods. It can do much to 
reduce labor turnover, one of the great causes of indirect expense and 
loss In many concerns. 

The service section endeavors to develop and maintain the morale 
of the working force and an esprit de corps based on sound labor rela- 
tions. It approximates as far as possible the human relationships 
which existed prior to the great aggregation of capital and integration 
of industry which characterize our modern industrial economy. It 
administers or assists such employce services as shop papers, employees’ 
councils, suggestion systems, social or athletic activities, the plant res- 
taurant, employee housing, pension systems, group insurance, work- 
men's compensation, length of service bonuses, safety work, and many 
others. A service supervisor who reports to the personnel manager is 
in charge of the department. 

The medical section is concerned with the development and main- 
tenance of the physical efficiency of the company’s human assets. In 
industry, it has developed as a result of a growing realization of the 
relation between the employees’ health, fatigue, and production, stimu- 
lated in part by labor legislation for the control of accidents, occupa- 
tional diseases, and other industrial problems. Some examples of the 
work of the medical department are the physical examination of appli- 
cants for jobs, periodic health surveys of the personnel, plant sanita- 
tion, the operation of industrial hospitals, and the study of fatigue 
and occupational diseases. The section is under the supervision of the 
plant physician or medical supervisor. 

The education and training section has the problem of increasing 
the average knowledge and skill content of the personnel with particu- 
lar regard for the needs of the organization. It provides an oppor- 
tunity for self-development, a requisite for real interest in one’s job 
and maximum production. Tt reduces the time and expense of training 
new employees. It does much to develop and maintain the morale of 
the organization. As its name suggests, the principal phases of its 
work are training and education. Training involves training for a 
craft and training for a specific job. It includes the supervision of 
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whatever training methods may be used, such as the apprentice system. 
Plant education 1s concerned with such problems as the continuation of 
the education of young employees, the development of plant schools 
for giving general instruction to employees in subjects which will ben- 
efit them in their work with the company, the use of plant libraries, 
the publication of the plant paper, and many others. The section is 
under the direction of a supervisor of education and training. 

In some plants, there may be a standards division, engaged in the 

development of better personnel methods. The work consists of the 
making of job analyses for the determination of the personnel charac- 
teristics of the various jobs, the development of rating scales for 
deternuning the relative values of employees, the development of 
analytical records of labor turnover, and similar problems. 
The Materials Division. The materials manager has charge of the 
materials division of the production organization. J]Ie is a major 
exccutive, reporting to the vice-president in charge of production. His 
division is responsible for the procurement of materials, their proper 
receiving, stowing, and ultimate delivery to the job, the economical 
control of inventories, and the salvaging of waste and scrap materials. 
He should be a high-grade executive with a good knowledge of mar- 
kets, materials, and the work of purchasing. In many cases, whether 
or not the company makes a profit depends to a large extent on his 
ability to analyze the business outlook correctly, with regard to its 
probable effect on the markets for the materials that he must purchase. 
He should have a good practical knowledge of accounting and finance 
as much of the work of his organization must tie in with the work of 
the accounting and financial organizations. He must be reasonably 
familiar with the rapid developments which have taken place in connec- 
tion with methods of storing, handling, and salvaging materials. He 
should be sufficiently familiar with production-control methods to per- 
mit him to cooperate intelligently with the production division. In a 
large organization, developed with regard to the major material-control 
functions, the purchasing department, the balance-of-stores department, 
the stores department, and the salvage department may be under the 
general supervision of the materials manager. In small concerns it 1s 
necessary to combine functions and departments in the interests of 
economy. Iowever, in any such combination, the functions should 
he clearly recognized and provision made for their proper adminis- 
tration. 

The purchasing department is usually under the supervision of a 
purchasing agent. Its chief function is the procurement of materials 
by purchase. It must obtain what is wanted, when it is wanted, at the 
most advantageous price consistent with quality, delivery, and the 
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quantity required. The purchasing agent is a specialist in materials, 
markets, prices, and the technique of purchasing. In many concerns, 
his function is highly important. Unwise purchases may result in 
serious losses due to subsequent price declines or excessive inventory 
charges. Failure to deliver materials when wanted may interfere with 
production. In many ways his work affects the profitable operation 
of the company. Under him, there is an organization of buyers, fol- 
low-up clerks, invoice clerks, and record clerks. In some instances 
the traffic manager may report to the purchasing agent. 

The balance-of-stores department, or stores-record section, as it 1s 
sometimes called, has the function of controlling and accounting for 
the materials inventories. It is under the direction of a balance-of- 
stores clerk, who reports to the materials manager. Its work 1s largely 
clerical and includes the checking of inventories, receipts of material, 
purchases of materials against requirements, protection of stock against 
depletion, furnishing the planning department with information neces- 
sary to its work, and similar duties. The principal instrument for 
performing these duties is the stores ledger, in which are recorded all 
requirements, orders, receipts, withdrawals, and other pertinent infor- 
mation for each item of materials in stores. The balance-of-stores 
clerk should be a good detail man with some knowledge of industrial 
accounting and ability to handle a considerable amount of routine cleri- 
cal work. In addition to the ledger section, there may be an order 
section in his organization which originates purchase requisitions for 
supplies and many materials of a nonspeculative nature, and manufac- 
turing requisitions for those materials and supplies manufactured in 
the plant. 

The stores department is the physical custodian of the material 
inventories. It differs fundamentally from the purchasing and balance- 
of-stores departments in the respect that they are concerned with the 
clerical handling and control of inventories. The stores department 
is concerned with their physical handling and control. It may perform 
such functions as receiving material into the plant, storing it pending 
its withdrawal for production or other purposes, the delivery of mate- 
rials to the job, and the shipping of the finished product. A stores 
superintendent who reports to the materials manager is in charge of 
the department. His organization may include some or all of the fol- 
lowing units—the receiving department, the storerooms, the shipping 
department, and the internal transportation department. 

The last of the major departments of the materials division is the 
salvage department. It is under the supervision of the salvage fore- 
man, who reports to the materials manager. Like the stores depart- 
ment, it is concerned with the physical handling of materials. Its 
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functions are to process or dispose of waste and scrap materials to the 
best advantage, to develop salvage processes, to reduce the volume of 
scrap by educating the organization in the matter of scrap reduction. 
In recent years, the problem of industrial salvage has received consid- 
erable attention, with the result that there has been developed much 
specialized equipment for the reclamation of materials. ‘The modern 
salvage department is largely a manufacturing department. Quite 
often its operations result in considerable savings. Where the salvage 
function is well developed, the salvage foreman usually has charge of 
three sub-departments—the sorting department, the salvage shop, and 
the salvage yard. ‘The sorting department sorts the scrap into classes. 
kinds, and grades. The salvage shop works the scrap into that form 
in which it can be disposed to the best advantage. ‘The salvage yard 
stores and ships salvaged materials to such purchasers as can be found. 
The Engineering Department. The engineering organization is con- 
cerned primarily with the application of the physical and chemical 
forces of nature in connection with the design of the company's product 
and the tools and processes with which it is produced. It considers 
such problems as improvements in the design of the product, the design 
of new products, the design of tools and special equipment for the 
processing of the product, research work in connection with the devel- 
opment of the product and production processes, and similar problems. 
The department is under the supervision of a chief engineer, who 
reports to the vice-president in charge of production. 

The chief engineer must have a thorough knowledge of engineering 
practice and its applications to the design of the product. [lis work 
requires a highly analytical mind of the mathematical and research 
type. Ile must have imagination and vision. Good executive ability 
is equally as important as good technical ability. It 1s exceedingly 
difficult to schedule the work of the engineering department. Yet it 
must be controlled as far as possible because its performance affects 
the other work of manufacturing which follows. A well-made produc- 
tion schedule may he disrupted by the failure of the engineering depart- 
ment to deliver blue prints and bills of material as promised. The 
various engineering sections which report to the chief engineer differ 
with each organization, depending largely on the character of the 
product, the manufacturing problems, and the extent to which the engi- 
neering function has been developed. The more coninon engineering 
executives who report to the chief engineer are the product engineer, 
who is responsible for the design of the product; the production engt- 
neer, who is responsible for the design of the tools and other produc- 
tion equipment; the chief draftsman, who is responsible for the detail 
work of placing the engineer’s plans in permanent and usable form for 


72 FACTORY ORGANIZATION AND MANAGEMENT 


the shop; the experimental engineer or research director, who is in 
charge of the laboratories and the research work; and the chief clerk, 
who has charge of the engineering office organization. 

The Methods Department. The methods manager or industrial en- 
vineer is concerned primarily with the efficient application of the human 
forces of the organization. He is responsible for the proper develop- 
ment of organization and system. In general, his problems are those 
of applied economics, while the chief engineer deals, for the most 
part, with problems of the applied chemical and physical sciences. 
The scope of his activities usually includes such work as the develop- 
ment of production-contro] methods, material standards in cooperation 
with the engineering department, and other work leading to the devel- 
opment of better operating methods. The time-study department may 
be under his supervision. Although the function of developing better 
management methods may vitally affect the success of the concern, the 
methods manager 1s the least common of the major industrial execu- 
tives. 

The Power Department. The function of the power department is 
the generation and transmission of power to the plant. It is adminis- 
tered by a power superintendent who reports to the vice-president in 
charge of production. Jn a large organization he should be a compe- 
tent heat-power engineer with the rank of a major operating executive. 
In many industries the cost of power is one of the important items in 
the cost of production. Jn such cases the proper handling of his func- 
tion is important. There has been some tendency 1n recent years, par- 
ticularly where water power 1s available, for industrial plants to pur- 
chase power from central power stations. Whether the purchase of 
power from a central power station is econonical depends to a large 
degree on the extent to which steam is used in heating the plant and 
in the various processes. Where the company purchases its power, of 
course the power superintendent does not appear in the organization. 
The Maintenance Department. The function of the maintenance 
department is to maintain the physical efficiency of the plant, machin- 
ery, and equipment and to anticipate and prevent interruptions to 
production due to their failure to give proper service. The proper 
handling of this function 1s necessary to the satisfactory control of 
production. Maintenance work is difficult to control and supervise, 
inasmuch as it is impossible to tell when emergency breakdowns will 
occur. In addition, maintenance work is scattered throughout the 
entire shop. The three principal phases of maintenance work are (1) 
the anticipation and prevention of emergency breakdowns by regularly 
Inspecting the plant, machinery, and equipment, (2) the making of 
such emergency and other repairs as may be necessary, and (3) plant 
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service such as elevator service, window-washing, and similar work. 
For the performance of such varied work, a large maintenance organi- 
zation may include such units as the carpenter shop, pipe shop, janitor 
service, maintenance inspection service, millwrights, and similar groups. 
The department is under the supervision of an executive, called vari- 
ously the maintenance superintendent, master mechanic, or works engi- 
neer, who reports to the head of the production organization. 

In the preceding discussion, an organization has been developed 
which would be economical only in a large plant. As was stated at 
the beginning of the discussion, management functions in the large 
plant are greatly magnified and can be studied in detail. An executive 
may be in charge of a department which performs a single function. 
The same functions are present in the small plant, but in the interests 
of economy, an executive and his department may perform a number 
of functions. Asa result, it may be difficult to distinguish the different 
management functions clearly. Yet the same fundamental laws of 
management govern them and it is equally important that adequate pro- 
vision for their proper performance be made. It is not particularly 
important that the management mechanisms are simpler and somewhat 
different, because in any case it is desirable that the system be devel- 
oped to meet manufacturing conditions in the particular plant. 


CHAPTER VII 
SYSTEM 


The Importance of System. System has been defined as the normal 
routine by which the operations of the business are carried on and 
controlled. The organization is the machine of management. The 
system is the tool with which it continuously achieves results. The 
orders secured by the sales force are the energy that keeps the machine 
operating. Just as a well-designed machine may fail to produce satis- 
factory work because the tools are poorly designed, so a good organiza- 
tion may fail to produce results because the system is crudely or inade- 
quately developed. In a great many concerns the system is built as 
the need arises. An emergency occurs; a meeting of the executives 
concerned is called ; a method of meeting the situation is devised; little 
thought is given to the system until another emergency arises. Under 
such conditions, the system is largely the result of expediency. Usually, 
much of the knowledge of the various routines and the manner in 
which they operate is carried in the heads of executives and clerks. 
When one of them leaves the organization and must be replaced by 
an inexperienced employee, the effectiveness of the system may be 
reduced materially. Obviously, the organization cannot accomplish 
the same results that it could if the system were developed as the 
result of a careful analysis of the problems of management as a whole 
as well as of the particular problem under consideration. 

Fundamental Considerations in the Development of System. As far 
as possible, the system should be the result of a steady, homogeneous 
growth of routine, developed through the consistent application of 
methods of scientific analysis. Inasmuch as it is an important tool of 
management, it merits careful, constant study. In addition to this 
consideration, which is equally true of many of the problems of man- 
agement, there are the following considerations which apply more par- 
ticularly to the development of system: (1) control through sound 
policies, (2) regard for the proper performance and control of func- 
tions, (3) the development of standards, (4) the use of definite writ- 
ten instructions, (5) the training of the organization, (6) the develop- 
ment of an adequate system of reports, (7) the development of records, 
(8) the provision for proper administrative and executive control and 
supervision, and (9) the provision of adequate incentives. 
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Policy. A policy is a definite, settled body of principle and procedure 
governing a given course of action. It may or may not be stated in 
written form. A sound policy has three important characteristics, 
(1) it is based on a careful analysis of the aims and characteristics of 
the business, (2) it is definite, and (3) it has stability. A policy 
should be a fundamental directive, guiding the organization along the 
path of consistent progress. Its formulation is affected by such factors 
as custom, public opinion, factory legislation, the character of competi- 
tion, the nature of the management problems, and the aims of the busi- 
ness. It can hardly accomplish its purpose unless it is made as a result 
of a careful study of these factors. Sound policy determines the 
objective toward which the organization is working. It prevents devia- 
tions from the course of action selected as best for the attainment of 
these objectives. It furnishes a solid foundation on which the activi- 
ties of the organization can be based. The various policies of the 
organization should be complementary to one another, in order that 
they may promote harmony and cooperation. Therefore an analysis 
of the fundamental functions involved, and the requisites for their 
successful performance, is a necessary prerequisite for the formulation 
of successful policies. In many organizations there is a tendency for 
the various units to function independently. The success of a given 
unit becomes its primary objective rather than the success of the 
organization as a whole. When policies are the result of a thorough 
analysis of the business and its needs, they tend to coordinate the 
organization units and to relieve such a situation. A careful study 
is of little value unless the organization understands the policies and 
their application. For this reason they must be definite. Otherwise 
there is danger that the organization will work at cross purposes, caus- 
ing confusion and lack of effectiveness. To avoid it, policies should 
be stated clearly and concisely, in written or printed form. This 1s 
particularly desirable in the case of those policies which affect the 
public and which are intended to secure its good will. Indefiniteness 
tends to provoke suspicion. In many concerns the policies are changed 
frequently. This may be due to the fact that they are not well thought 
out, the company has never definitely determined its objective or 1s 
prone to take advantage of passing situations which seem to offer an 
opportunity for profit. Under such conditions the organization never 
becomes thoroughly familiar with the policies or experienced in their 
application. As a result they fail to produce the benefits that were 
expected of them. The company may often secure additional profits 
by the sacrifice of stability of policy but in the long run, the losses from 
such sacrifice may offset the gains. Obviously, a lack of policy stability 
tends to prevent the building of a widespread, lasting reputation in any 
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particular field. Furthermore, it reacts negatively on the morale of 
the organization. The frequent changes in system resulting from 
shifting policy keep the whole organization in a state of turmoil. The 
situation suggests lack of force of character, experience, or ability. 
It may cause a loss of respect for the organization's managing execu- 
tives. Stability of policy should not result in the freezing of organiza- 
tion and system in their present state of development. It merely 
requires that suggested changes in policy be subjected to rigid exami- 
nation to determine their future as well as their present value. 

Policies may be classified according to their scope as, (1) general, 
(2) major, and (3) minor policies. The general policies are those 
that govern the general conduct of the business. They lay down the 
basic principles upon which its operations are conducted. They state 
its objectives. They form the basis of future plans. To some extent 
they may affect the public. On the basis of their effects, they may be 
classified as internal and external general policies. In accordance 
with this classification, the general policies governing the distribution 
of the company’s product for the most part are external. Those gov- 
erning the production of the company’s product for the most part are 
internal. The general financial policies may be equally internal or 
external. The major policies govern the administration, performance, 
and control of the major functions of the business. In order that there 
may be unity in the policy structure, it is necessary that they conform 
to the general policies. The minor policies govern the conduct of the 
various organization units. 

The mere statement of definite, stable, well-conceived policies 1s 
not sufficient to insure that these policies will actually operate as funda- 
mental directives. Many concerns are able to show beautifully printed 
statements of excellent policies. Investigation often shows that these 
policies are only partially applied or are entirely disregarded by many 
executives. To insure their successful application they must be con- 
stantly checked as to their effectiveness and the manner of their appli- 
cation. The more common means of insuring the proper application 
and administration of policies are the committee system, which often 
gives a consensus of executive opinion regarding the operation of vari- 
ous policies, a good system of executive reports, the use of standard 
practice instructions and various educational instruments such as the 
plant paper and the shop bulletin boards. 

The importance of policy in the development of system should he 
obvious. It is the foundation upon which the system rests. If the 
policy structure is poorly conceived, it is probable that the system will 
be ineffective. 
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The Proper Performance and Control of Functions. The various 
functions of manufacturing should be analyzed and studied to insure 
that the structure of the organization will facilitate their proper per- 
formance and control. Similarly, they should be analyzed and studied 
to insure that the system provides an adequate normal routine for the 
performance and control of each function. In the ideal system, it 
should be possible, as the conditions of the business change, to extend 
or curtail the operation of the various routines, to increase or decrease 
the amount of information in executive reports, to alter the character 
of this information without affecting the efficiency with which the 
various functions are performed. While this ideal cannot be attained 
in practice, the system should have the maximum flexibility. Such 
flexibility can hardly be obtained except as the result of a careful 
analysis of functions and their relations to the system. Furthermore, 
the system should promote specialization. Mr. L. P. Alford states the 
laws of specialization as follows: ? 


(1) Law of Division of Work. Subdividing the work so that one or a very few 
manual or mental operations can be assigned to a worker tends greatly to improve 
the quality and increase the quantity of output. 

(2) Law of Division of Effort. Assigning to each worker one or a very few manual 
or mental operations which he is particularly adapted to perform greatly improves 
the quality and increases the quantity of output. 

As a corollary, Mr. Alford states, 


(7) The Law of Functional Management. The highest managerial efficiency is 
obtained by functionalizing the duties of the executives. 


Tt is evident that these laws must be considered in the development 
of both organization and system. In connection with such considera- 
tion, a careful analysis of functions and their relations to the system 
again 1s important. 

Functions may be classified according to (1) general classes of 
managerial endeavor and (2) phases of manufacturing activity. Under 
the first classification, three classes of functions usually are recog- 
nized, (1) administrative, (2) staff, and (3) executive. The admin- 
istrative functions have to do with the making of policies, the general 
guidance of the organization, the determination of its results as a 
whole rather than for each organization unit, the placing of responsi- 
bility for results on the executives in charge of the various major 
divisions of the organization, and the granting of proper rewards for 
accomplishment to these executives. Of course, such rewards may not 
be monetary, but may be merely recognition and commendation. For 
the most part, the administrative functions have a legislative and 


1 The Laws of Manufacturing Management, by L. P. Alford. Presented at annual 
meeting, A. S. M. E., December, 1926. 
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judicial character. In general, the staff functions are service functions 
for the administrative and executive functions. As such they are essen- 
tially advisory. In most cases they are specialized functions which 
have been split off from general functions of manufacturing activity. 
The cause of their development is the increasing need for expert 
advice in the various phases of manufacturing activity as the magni- 
tude of operations increases. The engineering function is an example. 
The executive functions are concerned primarily with the control and 
supervision of actual performance. The classification of functions on 
the above basis depends somewhat on the point of view. In so far 
as the shop organization is concerned, the planning department usually 
can be classed as a staff function. From the standpoint of the com- 
pany organization as a whole, it is an executive function. 

Functions may also be classified according to phases of manufac- 

turing activity. The three great functions of manufacturing are (1) 
sales, (2) finance, and (3) production. These in turn may be divided 
into various sub-functions. For instance, the general function of 
production can be broken down into a number of sub-functions, such 
as material control, maintenance control, production control, personnel 
control, and others. Each sub-function can be broken down into nu- 
merous minor functions. Such a classification is useful in studying 
system. 
The Development of Standards. A standard is that which is estab- 
lished by authority, custom, or general consent as a model, criterion, 
or rule for measuring. The law of standardization in manufacturing 
niay be stated as follows: the determination and use of the best criteria 
for the conduct of operations reduces the cost of manufacturing. Usu- 
ally standardization in industry is thought of as having to do with 
the fixing of types, sizes, and characteristics of product. Tlowever, 
the term has a much broader significance. We may have temporary 
standards of performance such as are set up by manufacturing budgets. 
We may have permanent standards of method and performance such 
as are determined by time and motion studies for operations in the 
manufacture of the product. We may have standard routines. Many 
other examples of standardization are found in industry, which are 
only indirectly related to the fixing of types, sizes, and characteristics 
of the product. 

Routines cannot operate with maximum effectiveness unless they 
are reasonably stable. In some concerns the same problems are rarely 
handled in the same way twice in succession. Under such conditions, 
the organization is never sure as to what is the best way of handling 
a given problem. The selection of a method depends largely on the 
judgment and experience of those executives and employees immedi- 
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ately concerned. It is inevitable that costly mistakes and inefficiencies 
will result. Before the system can be stabilized sufficiently to enable 
the organization to become thoroughly familiar with it and skilled in 
its use, the basic factors in manufacturing which affect the system must 
be standardized. If the character and value of these factors are con- 
stantly shifting, then the system must constantly shift also. Therefore 
the effectiveness of system depends to a large extent on standardization. 
For example, it does little good to set up a routine for scheduling 
unless some standards of performance have been worked out and 
manufacturing conditions have been standardized. The routine itself 
will be of little value unless it can be standardized to a considerable 
degree and the standard method enforced. The matter of standardiz- 
ing routines will be considered in more detail later. 

Definite Written Instructions. Despite all that has been said regard- 
ing the value of written instruction, they are not used to a sufficient 
extent in many concerns. When instructions are given verbally. it is 
difficult to attain reasonable stability of system. What might be called 
an evaporation of system is likely to occur. As time passes, the mem- 
ory of the exact nature and meaning of particular instruction grows 
dim. It is difficult to break old habits and to form new ones. As a 
result, there is a tendency of executives and operatives to slip back 
into former methods. The best routine for handling a given problem 
is forgotten, disregarded, or distorted. Furthermore, verbal instruc- 
tion must be handed down to succeeding generations of executives and 
operatives by word of mouth.’ It is not probable that in each instance 
the instructions will be transmitted with exactly the same words that 
were used by the executive who originated them. There 1s the danger 
that with each transmission there may be some unintentional perversion 
of the original intent. It is also probable that each generation of 
executives and employees will place its own interpretations on the 
instructions because in most instances verbal instructions to some extent 
lack definiteness and completeness of detail. While the perversion of 
instructions may be slight at each transmission, the cumulative effect 
may be such that in the course of a few years they may have been dis- 
torted almost beyond recognition. Even in the case of instructions 
which relate to current operations rather than to the establishing of 
permanent routines, written instructions have the advantage that thev 
insure that such operations will be carried on exactly as directed. 
Again, verbal instructions are subject to interpretations and error in 
transmission. In fact, it is likely that if an executive must give 
verbally the same original instructions to a number of executives he 


1 The average life of a generation of employees may vary from a few months toa few 
years, depending on the rate of labor turnover. 
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will not give them to each one in exactly the same form. ‘Therefore 
verbal instructions will not facilitate the coordination of effort to the 
same extent that written instructions will. 

Written instructions have the advantage that they are a deterrent 
to hasty action. It is not uncommon to have orders which have been 
issued over the telephone by a busy executive rescinded within a rela- 
tively short time because certain factors in the situation have been 
overlooked. In the meantime considerable time and effort may have 
been wasted. The system may be thrown into confusion temporarily. 
When an executive must sign his name to written instructions, he will 
usually give them more careful consideration than when he issues them 
verbally. IIe is placing himself on record. As a result, the organiza- 
tion will receive better and more detailed instructions, and probably 
fewer of them. Obviously this is desirable because a clear, thorough 
understanding is necessary for the intelligent execution of orders and 
the satisfactory operation of system. 

The Training of the Organization. The effectiveness with which 
the system is operated, as well as the productiveness of the personnel 
working under it, depends, to a considerable degree, on the organiza- 
tion's understanding of the system and skill in operating it. ‘There- 
fore, the effective development of system implies a continuous increase 
in the skill content of the organization, individually and as a whole, 
through proper training in the performance of the various procedures. 
The training of the organization depends, to a large extent, on stable 
policies and definite, written instructions, properly conceived. 

An Adequate System of Reports. ‘The purpose of executive reports 
is to indicate the degree of success of policies, methods, and operations, 
to aid the direction and supervision of the organization by showing 
where and why it is failing to obtain anticipated results, to show 
where censure, praise, and reward should be placed and to what extent. 
As in the case of instructions, reports may be written or verbal. In 
relation to time, they may be periodic or special. Most of the objec- 
tions to verbal instructions hold for verbal reports. There are so 
many kinds of reports that it 1s inadvisable to discuss their respective 
characteristics except as such discussion may be necessary in connection 
with discussions of various phases of management in subsequent chap- 
ters. Ilowever, there are certain common characteristics of good 
reports which should be noted. 

As far as possible, reports should be brief and concise in order to 
conserve the time of the executive who must examine them. Only 
such detail should be included as is necessary to give them clarity. 
Where possible it should be presented by means of graphic representa- 
tion to facilitate the executive’s analysis of the situation. In the case 
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of operating reports, the exception principle should be applied.1. By 
this 1s meant that only the exceptions to the established practice should 
be called to the executive's attention. Usually such reports are received 
at regular periods. As long as his department operates normally, the 
executive is not interested in the details. IlTis time should not be 
wasted in examining information on which he has no occasion to act. 
Accordingly, reports for responsible executives should be gone over 
carefully by assistants and the exceptions to established practice indi- 
cated by underscoring or other means. Furthermore, reports should 
be comparative in order that the nature of the exceptions may be 
indicated. To illustrate, in parallel columns monthly department ex- 
pense accounts may be compared with the budgeted expense for these 
departments. In some concerns, operating statistics are compared 
with corresponding figures for the previous month and the same month 
in the previous year. Special reports of investigations involving con- 
siderable data should be constructed on the same principles. The first 
part of the report should be a brief, concise summary of it. The sum- 
mary should state the nature of the problem, the method emploved in 
the investigation, the results and conclusions, and any recommenda- 
tions. Throughout the statement of results, conclusions, and recom- 
mendations, reference should be made by page number to supporting 
data in the body of the report. If any question is raised in the mind 
of the executive regarding a particular point, he can satisfy himself 
by turning to that part of the report which deals with it. If no ques- 
tion is raised, he can approve the report without first wading through 
a mass of detail data, much of which he may not be qualified to judge. 
An essential attribute of a good system of reports 1s promptness. 
In most instances, when a situation arises which interferes with the 
operations of the plan, it must be dealt with promptly 1f loss 1s to be 
avoided. Unless reports bring such existing or impending situations 
promptly to the attention of the responsible executives, they lose much 
of their practical value. To illustrate, 1f production is held up by the 
failure of material to arrive as scheduled and the interference 1s not 
called to the attention of the responsible production and purchase exec- 
utives until it occurs, it is too late to avoid considerable loss to the 
company. A good system of follow-up for purchase orders, which 
would insure prompt reports on those orders which are in danger of 
falling behind schedule, might have permitted these executives to take 
the proper measures to avoid the loss. 
The Development of Records. The development of operating rec- 
ords is necessary to the successful operation of the system. The 
records may he the history of previous operations or they may be 


1 Shop Management, by F. W. Taylor, p. 126. 1919 Edition, Harper and Brothers. 
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compilations of data secured by research, as in the case of most time- 
study records. Records are used to determine by comparison the worth 
of present accomplishments and to predetermine, plan, and prepare 
for future accomplishments. It is of little value to work out a method 
of production control unless we also develop records which will tell us 
the list of operations through which the product normally passes, the 
work center where each operation is performed, the type of machine 
which should be used, the approximate time required to process each 
operation, the kind of material used in the product, the amount required 
for each unit of product, and similar information. It is possible, of 
course, to overdevelop records and to record the activities of the organi- 
zation in too great detail. Information may be recorded which is 
interesting but not essential to the work of the organization. As a 
result money is spent for clerical work for which no adequate return 
is received. Any records which are little used are open to suspicion. 
To be of greatest value, the information contained in the records must 
be reliable and in such form that it is readily available. 

Proper Administrative and Executive Control and Supervision. 
The field of administration includes the making of policies, the general 
guidance of the organization, the determination of its results as a 
whole, the placing of responsibility for such results, and the granting 
of proper rewards for accomplishment. The field of management has 
to do with the guidance and control of the organization in the per- 
formance of its various functions. The relation between the fields of 
administration and management is diagrammed below.’ 


Purpose 
AOMINIST ANON 6:05 oc cde renee ease sete e ee Policy 
Plan (general) 


Program 
Project 


ManaPOMent ci. cc isotiedstetateetreyaces es Plan (detail) 
Procedure 
Preparation 
Performance 


The administrative executive is concerned with purposes because he 
must determine definitely the ideals and objectives of the organization ; 
policies because they are the definite principles of procedure on which 
any consistent effort to attain these ideals and objectives must rest; 
general plans because they give to the organization general methods 


1 Developed from a similar statement by Dr. Harlow S. Person, Managing Dircctor, 
The Taylor Society. 


SYSTEM 83 


of action, which must not conflict with the company’s ideals and poli- 
cies; programs because they determine the order of future activities. 
By their very nature, programs are the connecting links between the 
fields of administration and management. The managing executive is 
concerned with projects because they are the specific undertakings; 
detail plans because they are the specific methods of action employed 
in accomplishing a given undertaking; procedures because they consti- 
tute the manner of conduct of the undertaking; preparations because 
the extent to which the undertaking can be successfully conducted and 
executed is affected greatly by the extent to which the various condi- 
tions necessary for successful accomplishment are present before opera- 
tions are hegun; performances because they are the acts of execution 
which should result in the successful accomplishment of the under- 
taking. Obviously, detail plans and procedures should not conflict 
with purposes, policies, general plans, and programs. Evidently, there 
is no sharp dividing line between the two fields. ‘The work of admin- 
istration and management, then, consists largely of the determination 
and accomplishment of purposes, policies, plans (general), programs, 
projects, plans (detail), procedures, preparations, and performances. 
The quality of the work of management, using the term in a broad 
sense to include administration, varies with the type of management. 
Three types usually are recognized—(1) conventional, (2) systematic, 
and (3) scientific management.’ Conventional management is charac- 
terized by expediency. As various problems arise, policies and methods 
are devised to cope with them. Usually the need for a solution 1s 
such that it is not possible to give the problem adequate study. It 1s 
unlikely, therefore, that routines will be developed as the result of a 
thorough analysis of management problems in accordance with funda- 
mental, rational development policies. They are, for the most part, 
rule-of-thumb methods based on the experience of the organization. 
While it may produce results, usually it is in spite of the system rather 
than because of it, and the results are far from the possible maximum. 
Systematic management is characterized by a desire for better man- 
agement methods, but not by the use of methods of scientific analysis 
in their development. Methods which have been used successfully in 
other plants are adapted to the needs of the organization as far as 
possible. The development of system becomes a cut-and-try process. 
If system is to operate with maximum effectiveness, it must be based 
on a thorough analysis of the management problems of the plant. It 
must be developed through the application of sound principles of man- 
agement to meet its particular needs. Therefore it is unlikely that 
1“ Industrial Administration and Scientific Management,” by Forrest E. Cardullo 


in Thompson’s Scientific Management. Sec also ‘“Unsystematized, Systematized and 
Scientific Management,” by Henry P. Kendall, zbid. 
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routines used in one plant can be adapted to the needs of another 
and operate with maximum effectiveness. “Two concerns manufac- 
turing identical products will differ in personnel, in physical equipment, 
and in many other ways. This does not mean that the methods of 
other plants cannot be studied profitably. On the contrary, they may 
represent interesting applications of fundamental principles of man- 
agement. Systematic management will produce much better results 
than conventional management, but for the above reasons it will not 
produce maximum results. Scientific management is characterized by 
the application of methods of scientific analysis to the solution of 
management problems. The problem is analyzed into its elements. 
Data relating to these elements are collected and studied to determine 
their characteristics and their relations to one another. ‘The best series 
of elements is determined and synthesized into the one best solution 
for the problem. Under scientific management, system 1s developed as 
the result of the application of sound principles of management after 
such an analysis has been made. Only in such a manner can a system 
be developed which will produce maximum results. 

Administrative and executive control and supervision involve the 
use of the various tools of management, such as policies, routines, 
standards, definite and complete instructions, reports, and others, in 
the coordination of the organization’s activities. It 1s concerned with 
the development of system along the lines indicated above and is an 
essential part of it. By control is meant the instruction and guidance 
of the organization and the direction and regulation of its activities. 
It involves four fundamental steps—(1) the predetermination of rea- 
sonable accomplishment, (2) the issuance of definite and complete 
written instructions, (3) the analysis of reports and the comparison 
of actual and predetermined accomplishments to determine the causes 
of variations, and (4) the recognition of responsibility for final results. 
sy supervision is meant the superintendence or overseeing of per- 
formance. As Robinson points out,’ supervision analyzes and interprets 
policies and instructions and sees that they are actually followed in 
operation. It discriminates between changes of method that are volun- 
tary and desirable and those which are involuntary and undesirable. 
As previously pointed out, there is the constant tendency for system 
to shift to some former basis or to one dictated by expediency. Proper 
supervision should stimulate the employee to give maximum production 
willingly rather than provoke a sullen desire to soldier at his work. 
Such cooperation can be had only when the executives lead rather than 
drive their subordinates ; when their supervision is based on frankness, 
honesty, and fair dealing and is tempered by a considerable regard 


1 Fundamentals of Business Organization, by Webster Robinson, p. 137. 
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for the individuality of the employee. To get the best supervision, 
planning and supervising actual performance should be separated. Such 
a division of effort conforms to the laws of specialization. Very often 
the man who has considerable capacity for analyzing and planning may 
have little capacity for supervising performance. Similarly, an ex- 
ecutive who can get maximum production from his employees may 
have mediocre analytical abilities. Furthermore, the work of super- 
vising actual performance is usually so complex that proper planning 
of work is likely to suffer by neglect if the two are combined. 

The Provision of Adequate Incentives. An incentive is any stimulus 
which tends to incite to action. In industry, those stimuli which tend 
to incite the employee willingly to give greater cooperation and pro- 
duction, play an important part in the development of system and the 
work of management. Such incentives tend to increase production 
and to decrease labor turnover. They tend to stimulate the interest of 
the worker in his job, improve the morale of the organization, and 
develop that cooperation which is essential to the successful operation 
of system. 

Self-interest is one of the most powerful motives. Consequently, 
most incentives are designed to make use of it. They can be grouped 
into two general classes, (1) nonfinancial and (2) financial. 

Nonfinancial incentives are those which do not directly depend on 
monetary rewards for the employee. The distinctive badge worn by 
those who have completed twenty years or more of service with the 
company; the posting in each shop of names of the emplovees in the 
order of their productive efficiency; the recording on his personnel rec- 
ord of the employee's production, scrap, attendance records, and other 
information to be used in determining his suitability for promotion ; the 
improvement of lighting, ventilation, and other conditions of work; 
the granting of special privileges to those who have been with the 
company a stated length of time—these are examples of nonfinancial 
incentives. If properly tied in to the system, they promote its effective 
operation. 

Financial incentives are those which depend directly on monetary 
rewards for the employee. I¢xamples of financial incentives are bo- 
nuses for attaining or exceeding the standard rate of production, 
bonuses for maintaining the standards of quality, and bonuses for per- 
fect attendance. Group insurance, length-of-service bonuses, profit 
sharing, stock-sales plans, and many others are in the borderland be- 
tween financial and nonfinancial incentives. They provide financial 
rewards, but the rewards usually are long deferred. In general, the 
financial incentives are more powerful than the nonfinancial. They 
play directly on the motive of self-interest. 
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The Interdependency of Routines. System is composed of interde- 
pendent routines. The various steps in a routine may lead through a 
number of departments. At certain steps, the machinery for the per- 
formance of different functions may be set in motion. In the devel- 
opment of system, the functions of the organization must be studied, 
as previously pointed out, and the relations of the various routines to 
one another. 

Standard Practice Instructions. Standard practice instructions are 
intended to insure the continuous, orderly advance of operating 
methods. When properly developed, they form a written code of 
practice for the management of the business. After the best method 
for performing and controlling a given function has been determined, 
the standard practice makes a permanent record of it and aids in its 
uniform application throughout the plant. It reduces the probability 
of a gradual deviation from the one best method. 

The standard practice may be divided into three parts—the me- 
chanical data, the summary, and the detailed procedure. IJleading the 
standard practice is its title and the purpose of the routine, the date 
when the standard practice becomes effective and the serial number 
of the practice. The section dealing with mechanical data contains 
such information as the executives or departments affected by the 
change in practice, the forms used in connection with the method. 
necessary equipment, and similar data. The summary contains a 
general description of the old procedure, followed by a summary of 
the new method. This arrangement affords a quick general compari- 
son of them. Under detailed procedure comes the detailed description 
of the new method. Subheadings are used to indicate the operations 
performed by each executive or department affected by the standard 
practice. The manner in which these subheadings are used is shown 
in Fig. 14. This arrangement conserves time. The summary gives 
the general background of the practice. It is only necessary for the 
employee or executive to read those portions whose headings indicate 
information of particular interest to him. In writing up the detailed 
description, the forms used should be referred to by their serial num- 
bers as well as their names. <A copy of each form is mounted in the 
back of the standard practice. 

There may be considerable opposition to the development of stand- 
ard practices. The more common causes of opposition are the execu- 
tive’s fear that he is giving away his job and the fear that the standard 
practice will reduce the importance of his job, making him more or less 
of an automaton. Neither of them has any great foundation in fact. 
Usually, there is nothing unique in the methods which the executive 
has developed. In most cases they are merely variants of practices 
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which have been used in other establishments and which are known to 
students of management. The sudden loss of an important executive 
usually causes considerable inconvenience and loss, regardless of how 
good an understudy may have been developed for the job. The value 
of experience should not be underestimated. Almost never does the 
loss of an executive permanently cripple the organization for the reasons 
given above. ‘The determination of the best methods of performing 
and controlling the functions of the organization enables the executive 
to perform his dutics more efficiently. . High operating efficiency is a 
sounder basis for preferment in the organization than the hoarding of 
some specialized knowledge for use as a club over the management. 
Furthermore, by putting the routine work of management in standard 
form which is readily understood and easily learned by the employees, 
the standard practice relieves the executive of much unnecessary work 
of supervision. His mind is free to deal with the major problems 
involved in the administration of his functions. In this respect, the 
standard practice may foster rather than kill initiative. 

The Steps in the Making of a Standard Practice. For the reasons 
indicated above, the development of the standard practice requires con- 
siderable tact and diplomacy. Jf the antagonism of the organization 
is aroused, the work will be seriously hampered if not made impossible. 
The first step, therefore, is to sell the executives on the advantages to 
them of standard practices. After reasonable cooperation has been 
assured, the next step obviously is to determine the present practice. 
In some instances this has been done by requesting each person who 
has anything to do with the routine under consideration to submit a 
statement of the duties which he performs in connection with it. 
Because of the press of work or lack of training, most clerks and 
executives will not do this accurately or completely. It is more satis- 
factory to interview on the job the executives in charge of each phase 
of the routine and the clerks who perform each step. Often a consider- 
able mass of data may he collected which may be difficult to analyze in 
its crude state. Therefore the third step may be to work up the data 
into some semigraphical form. This form is usually called a routine 
chart and will be discussed later. The routine chart furnishes a com- 
plete picture of the routine as a whole and the relation of the different 
steps to one another. The fourth step is the analysis of the chart and 
the supporting data to determine what steps in the present routine are 
fundamental to the successful performance and control of functions 
and what are not, aided by any suggestions for the improvement of 
the present routine which have been made by the employees inter- 
viewed. Steps in the routine may be cut out, altered, their sequence 
changed, forms redesigned, and other changes made with a view to 
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developing the best routine for handling the particular problem. When 
it has been determined, the fifth step is to work up the new routine 
into a routine chart for final analysis. It is then written up in the 
standard-practice form. Before it is finally approved and issued, it 
should be submitted to those executives who are affected by it, for their 
approval. Two things may be accomplished by doing this. In the first 
place, each executive is more familiar with the requirements of his 
work than any analyst can be after a necessarily limited study of it, 
unless he is fortunate in having considerable experience with the par- 
ticular type of work. Often an executive is able to point out oppor- 
tunities for further improvement of the routine or serious defects in 
it. Whether he can or not, he is likely to feel more friendly toward the 
new method if he has had the opportunity to criticize it. To a large 
extent he is estopped from criticism of the method after it has been 
placed in operation. When the standard practice has been modified to 
conform to any valid objections, it 1s submitted to the final authority 
for approval. When it has been finally approved. copies are sent to 
all executives who are affected by it and a copy is placed on permanent 
file. For purposes of control, a record should be kept of every copy 
that is issued. 

In some cases, temporary standard practices are issued to correct 

practices which are radically wrong; for which some corrective meas- 
ures must be applied immediately, pending a more careful analysis of 
the situation. It is understood that the temporary practice will be with- 
drawn as soon as the best method has been determined. Usually this 
course 1s taken only when an emergency must be met. It is not good 
policy to use temporary practices too frequently, for the reason that 
constant and frequent changes in methods are demoralizing to the or- 
ganization inasmuch as it cannot always understand the reasons for 
them. Frequent changes prevent stability of system. 
Control of Standard Practices. To get the best results, the control 
of standard practices should be placed in the hands of some one indi- 
vidual who should be responsible for their issue and recall and the 
maintenance of a master file of all standard practices which have ever 
been issued. 

Usually when standard practices are approved, a serial number or 
symbol is assigned to them. ‘To illustrate, “T21" might mean standard 
practice No. 21 on tool-department methods. If at some future time 
it should become necessary to revise the practice, the outstanding copies 
of “T21” would be recalled and the new practice bearing the symbol 
“T21A” would be issued. 

A record must be kept of all outstanding standard practices, show- 
ing to whom they have been issued. Otherwise there is the danger 
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that when a practice is revised, all old copies may not be recalled. There 
is always the possibility that such copies may be the cause of misunder- 
standings and confusion. 

In large organizations it is desirable that a periodic check be made 
of each standard practice to insure that the organization 1s living up 
to it. Unless this is done, the organization may slump back into the 


old routine. 
The Advantages of Standard-practice Instructions. The standard 


practice has all of the advantages which have been previously noted 
for definite, complete, written instructions. In addition, they definitely 
locate the responsibility for the performance of each step in the routine. 
There is a minimum of danger that instructions will be lost and for- 
gotten because each executive is held responsible for the instructions 
issued to him and is expected to keep his file intact. One of the great 
advantages of the standard practice is that it insures that the develop- 
ment of management methods will be continuously forward. There 1s 
little danger that we shall cover the same ground twice, for the reason 
that now we have a ready-reference file of decisions which have been 
made on the subject previously. Furthermore, this ready-reference 
file aids the executive materially in breaking in new employees. Their 
training is greatly facilitated. 
Causes of Failure of the Standard-practice Method. Like many 
other devices of modern management, there are many instances of 
failure of the standard-practice method. Jn most instances the causes 
of these failures rest with the management rather than with the method. 
There are three common causes: (1) the issuing of too many orders 
or changes in practice; (2) poor preparation of standard practices; 
and (3) the feeling of the management that the method is too expen- 
sive. There have been instances in which the development of new 
methods has been a revolution rather than an evolution. The organiza- 
tion has been bombarded by a rapid fire of standard practices dealing 
with every conceivable phase of management. The personnel can 
hardly familiarize itself with one operating method before it is super- 
seded by another. In such cases, the constant stream of standard 
practices is more likely to be a source of irritation than any real assist- 
ance to the organization. Well-considered changes in operating meth- 
ods represent progress in the development of system and must be 
expected from time to time. However, the standard practice is an 
attempt to give to the organization the best method of performing a 
function or a particular phase of it. Therefore, it implies a reasonable 
degree of permanency. 

The issue of too many standard practices may result from poor 
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preparation. It may be caused by the fact that the management does 
not realize the importance of proper preparation and delegates the 
work of developing standard practices to some one of mediocre ability. 
The prestige of the practice is affected adversely if it is prepared by 
some one whose competence can be questioned. 

Obviously the first cost of making the standard practice is greater 
than the cost of issuing orders to the organization in verbal or type- 
written form. The managements of many concerns feel that the execu- 
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FIG. 15 
THE ROUTINE SEQUENCE CHART 


tives in charge of their departments are quite competent to develop 
satisfactory methods for handling the functions of these departments. 
It is quite likely that they are in most instances. It is unlikely that 
they can take sufficient time from the work of supervising their depart- 
ments to permit them to work out the best methods thoroughly. In 
the majority of cases, the determination of the best way of handling 
a job will result in improved methods and the elimination of unneces- 
sary operations which will more than offset the cost of preparation 
and maintenance of the standard practices. 

Routine Charts. The function of the routine chart is to give a graphi- 
cal analysis of a particular operating routine. It is often a helpful 
tool in the development of system. The more common types of charts 


92 FACTORY ORGANIZATION AND MANAGEMENT 


are the routine sequence type, the horizontal zone type, and the geo- 
graphical type. 

The routine sequence chart in Fig. 15 has the advantage that the 
sequence relation of the different operations is shown clearly. The 
movement of each form and the relation of 1ts movement to the move- 
ments of other forms is readily apparent. The whole routine is spread 
out before the analyst with a brief explanation of each step. The 
significance of each step can be determined more casily than when the 
analyst must digest a great sheaf of data sheets, 

In constructing the routine sequence chart the vertical columns 
may represent executives or work-places. In charting the assumed 
routine on the chart in ig. 15, the vertical colunins have been used to 
indicate the departments in which the various operations are performed. 
The horizontal zones on the chart indicate the steps in the routine. 
The vertical colunin at the right contains a brief explanation of each 
step. Detailed information concerning each step is contained in the 
hody of the report on standard practice. 

Any symbols may be used in constructing the chart. The follow- 
ing have been found to be convenient. 


Action taken. 
Irregular operation. 
Forms destroyed. 
Tile. 


The letter indicates the form used in a given op- 
eration, The number indicates whether the copy 
is the original, duplicate, triplicate, ete. 


The lines between the action squares indicate the movement of 
forms or materials. There is no need to draw arrows on the lines, as 
the action always works downward on the chart. The line for each 
copy of each form must terminate in some definite action. It is either 
filed or destroyed. Jf the chart has been correctly drawn, it will tend 
to close in the shape of a pyramid whose base is vertical. Steps which 
have been overlooked are readily seen. 

In the horizontal zone type of chart, the course of each form is 
followed separately in the manner shown in Fig. 16. In each horizontal 
zone is plotted the course of a particular form. At the left of the chart 
are listed the various forms used in the routine. At the right of each 
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zone appears an explanation of the operations performed on the form. 
Any set of symbols may be used to indicate the more common types 
of action. . 

This type of chart has the advantage that the course of each form 
can be followed easily. Like the previous chart, it is easily made. It 
has the disadvantage that the sequence relation between the operations 
is not shown in the chart. Therefore the part played by cach depart- 
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ment or executive at cach step cannot be seen except by studying the 
accompanying explanation. ‘The routine shown in Fig. 16 is the same 
as that in Fig. 15. 

In the geographical type of routine chart, an attempt 1s made to 
bring out both the sequences and the geographical relations of the 
operations. In constructing a chart of this kind, a conventional dia- 
gram of the office or shop layout may be used. 1n some cases, however, 
the various departments, work-places, or executives are merely indi- 
cated by large blocks properly labeled, with only general regard to their 
geographical relations. Small rectangles represent the forms. The 
lines indicating the movement of a form bear small arrow heads to 
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indicate the direction of travel. Small solid circles may be used to 
indicate the points of action. 

The advantage claimed for this type of chart is that the geographi- 
cal arrangement of the operations helps the person studying the chart 
to visualize the routine. When there are many forms to be used or 
operations performed, the large number of lines crossing and recross- 
ing one another is confusing unless great care is taken in drawing the 
chart. Usually the office or shop layout is not simple. As the office or 
shop layout becomes more complicated, the difficulty of making a chart 
of this kind increases. In order to make it sufficiently clear to be easily 
understood, it should be drawn by a draftsman. As a result, it is more 
expensive to make than the first two types. 

A type of routine chart which is somewhat similar in principle 
uses the forms themselves as the basis of the chart. Lines running 
from a given point on one form to some point on another indicate the 
transfer of information from the first to the second. A number on 
the line indicates the number of the operation. Arrows on the lines 
may be used to indicate the direction of the transfer. This type of 
chart also is relatively expensive to make. 

The most satisfactory routine chart is one which can he constructed 
easily, quickly, and clearly without the aid of the drafting room. It 
should show the sequence relation of the various operations to one 
another. For most purposes, the routine sequence chart meets these 
requirements most satisfactorily. 


CHAPTER VIII 
THE ENGINEERING DEPARTMENT 


The Engineer. The engineer has been defined as one who adapts the 
forces of nature to the uses of man. Industry is constantly employing 
forces which can be classified broadly as human and mechanical. Those 
problems which have to do with the efficient employment of human 
forces are, for the most part, problems of applied economics, and are 
the particular province of the operating executive. Those problems 
which have to do with the efficient employment of mechanical forces 
in the design and development of product and processes are, for the 
most part, problems of the applied mathematical, chemical, and physical 
sciences, and are the particular province of the engineer. However, 
it is often difficult to draw any clear-cut distinction between the work 
of the operating executive and the work of the engineer. As a result 
we sometimes find engineers solving problems which are primarily 
economic, and operating executives, having little engineering training, 
solving problems which are primarily engineering. 

A distinction between the engineering and operating organizations 
can be drawn in a slightly different manner. Both may determine 
what shall be produced and how; the first with regard to the employ- 
ment of mechanical forces, and the second with regard to the employ- 
ment of economic forces. To illustrate, the operating organization 
may decide that 50,000 units of a particular product are to be made 
in January, 60,000 in February, etc. It may decide that certain parts 
which enter into the product are to be purchased, and that certain others 
are to he manufactured in the plant. The engineering department 
decides what parts are necessary for the proper functioning of the 
product, determines their design to insure this proper functioning, lays 
out and tools the various operations which must be performed on each 
part and the various assembly operations, and solves similar problems. 
The Chief Engineer. In most organizations the chief engineer 1s a 
major executive. In the organization which we have set up as the 
basis of our discussion the chief engineer reports to the vice-president 
in charge of production. Instances will be found in which the engineer- 
ing function is so important that the chief engineer may have the rank 
of vice-president, reporting directly to the president. 

The chief engineer should have a peculiar and valuable combination 
of qualities. He should have a broad basic knowledge of science 
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and engineering. Ile should have a detailed knowledge of those 
engineering principles and practices which apply particularly to his 
industry. Considerable executive ability is of equal and sometimes of 
greater importance than the foregoing. The engineering function is 
a preparation function of the general function of production. Delays 
in the engineering department may delay the execution of the whole 
production program. 

The following chart of the organization of the chief engincer is 
intended to bring out the various functions which may be found in the 
well-developed cngineering department. 

The Engineering Organization. The chief clerk is responsible for 
the proper handling of the paper work of the engineering department. 
Ife is directly in charge of the department's clerical force, and in many 
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FIG. 17 
THe ENGINELRING ORGANIZATION 


cases the vault and blue-print departments because of the routine 
nature of their work, The engineering department of a large plant 
has a large amount of clerical work to do. Bills of material must be 
typed, change orders made out and issued, data and reports typed and 
recorded, and a host of other details attended to. In many respects, 
the chief clerk is the liaison officer between the engineering organi- 
zation and the operating organization. 

The control of the vault involves considerable responsibility. Often 
it contains data relating to valuable processes or patent rights. Usually 
the original designs of products and their parts, with subsequent revi- 
sions and tracings, are filed permanently in the vault. Very often a 
stock of blue prints for standard parts is carried in order that they may 
be issued to the shop without delay. It should not be possible to 
withdraw material from the vault except on requisition, approved by 
the chief engineer or other competent authority. Requisitions for hlue 
prints are constantly being received from the shops. Blue prints which 
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are used continually soon become torn or illegible from grease and 
dirt. In large engineering departments, a number of blue-print 
machines may be in constant operation to mect this demand and to 
maintain the supply in the vault. ‘The operation of this department is 
largely a routine matter and can properly be placed under the chief 
clerk. 

The product engineer is responsible for the design and development 
of the product. If a committee system is in operation, his work may 
be under the general supervision of a product committee.* In any event, 
he must cooperate with the sales department in designing a product 
which will meet the needs of the public and at the same time mect 
the needs of economic production. Under the product engineer there 
may be a number of mechanical, civil, or electrical engineers, depending 
on the nature of the product and the size of the organization. 

When the product enginecr’s staff has completed the product de- 
signs, the process engincer takes them and begins the processing of 
the product. He must determine what operations should be performed 
on each part, the various assembly operations, the tools which are 
required for each operation, the auxiliary equipment, and the devices 
for controlling the quality of the product. He should cooperate in 
this work with the production manager's and inspector's organiza- 
tions. If the establishment were a metal-working plant, he might 
decide that operation 6 on a given part should be a milling operation, 
that a forming mill would be required, that a certain type of fixture is 
necessary for holding the work on the table of the mulling machine, 
that a certain type of gauge is necessary to hold the dimensions of the 
cut within the limits established in cooperation with the inspection 
department. When the work has been laid out, the plans will be 
turned over to the tool designers, who will draw up the designs for the 
tools, dies, jigs, fixtures, and gauges. 

The function of the chief draftsman is to relieve the engineers of 
as much of the detail, routine, engineering work as possible. When 
the engineers have completed their designs and they have been ap- 
proved properly, draftsmen may make the empirical designs for any 
standard machine elements which go into the product. Tracers take 
the original drawings and make the tracings from which the blue 
prints are made. Checkers must check the tracings against the original 
drawings to insure that no errors have been made. This function in- 
volves a great amount of detail work. Unless the chief draftsman can 
get out the tracings promptly and in accordance with the demands of 
the production schedule, serious delays to production may result. 

The laboratory director, or director of research as he is sometimes 


1See p. 54, 
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called, conducts such experimental work as may be necessary for the 
development of product or processes. In addition he may test mate- 
rials for the receiving department. Probably he will determine many 
material and product specifications, Ilis work probably will bring 
him into frequent contact with the operating departments as well as 
the product engineer's organization. In large corporations, he may 
have a large organization of engincers, chemists, and physicists, and 
may be responsible for the expenditure of large sums. The director 
of laboratories 1s directly in charge of the chemical and physical 
laboratories. 

The above organization would be possible only for a large plant. 

Nevertheless, the functions which have been indicated are present in 
the small organization to some degree. They are not so apparent 
because one engineer may have to handle a number of engineering 
functions. 
Planning and Scheduling in the Engineering Department. ‘(he 
formal planning and scheduling of work in the engineering depart- 
mient is extremely difficult because of the lack of routine, repetitive 
work. It is almost impossible to establish any accurate relationship 
between time and output except in the most general terms. It has been 
attempted in some cases, but with no great amount of success. 

While detail scheduling of engineering work may not be a practical 
proposition, some overall schedule of work is desirable and often is 
absolutely necessary. In the case of a new product, the actual work 
of production cannot start until the engineering department furnishes 
the blue prints and bills of material, One of the most frequent causes 
of delay is the failure of the engineering department to furnish them 
on schedule. If we merely establish for each part the approximate 
dates when the tracing should be completed, when the tooling should 
be finished, when the blue prints and bills of material should be isstied 
to the shop, we have done much to eliminate such delays. Tt must be 
recognized that unforeseen difficulties may arise which may change 
the schedule considerably in individual cases. At least, the department 
has something definite against which it is working. In the above 
discussion, it is supposed that the designing and experimental work 
has been completed except for minor details. 

As we have endeavored to show, the engineering department 1s 
the starting-point for much of the work of production, and as such is 
an important unit in the industrial organization. 


CHAPTER IX 


PRODUCTION CONTROL—FUNDAMENTAL 
CONSIDERATIONS 


The Meaning of Production Control. Production control may be de- 
fined as the control of the order, extent, and manner of application of 
those factors entering directly into the production of goods. Babcock ? 
defines production control as “that system which, extending over a 
long period of time, controls the order of movement of the elements 
of a productive program in relation to each other and to the whole.” 
The three principal factors in production are men, materials, and 
niachines, The control of the application of these factors to produce 
the most goods at the least cost consistent with the required degree of 
quality, the well-being of the workers and the requirements of promised 
deliveries is the function of production control. Production, as the 
term is generally used in industry, refers to the application of men and 
machines to materials. 

A good control of these factors in production is most important. 
Before a production program can be executed sufficient man power 
must be secured. This man power must be suitable for the varied 
kinds of work which must be performed. It must be properly trained 
and supervised. Some control must be supplied to insure that it is 
used continuously, in so far as this is possible, and with the greatest 
economy. An adequate supply of materials of the right kind and 
quality must be secured and so controlled that it will flow to the job 
when needed. Machinery of the right kind, type, and capacity must 
le supplied and maintained in a condition which will permit it to oper- 
ate constantly and efficiently. The application of these factors to one 
another at each step in the processes of production must be so con- 
trolled and coordinated that the work flows smoothly through them. 

In addition to the interaction of these principal factors, 1t will be 
necessary to consider the effect of various phases of management which 
are either a part of or affect the work of production control. These 
include such problems as the analysis of the product, the control of 
niaterial, the routing of the work through the shop, the scheduling of 
the work through the various steps in the process of production, the 
dispatching of orders, inspection, cost analysis, factory layout, equip- 
ment, product and process standardization, the development of an 


1 Management's Handbook, :. 579. 
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adequate tool supply, and many others. Some of these problems are 
of such major importance that they must be reserved for separate and 
more detailed discussion. 

Production Control Under Conventional Management. Under the 
conventional type of management, the control of production rests in 
the line organization. There is little or no orderly, thorough pre- 
planning of production. The quantities to be processed are based 
either on the actual orders or the experience of the head of the produc- 
tion organization, who is usually the shop superintendent. Orders 
to process component parts or to assemble are issued to the shop when 
in the opinion of the superintendent or some assistant to whom the 
authority has been delegated the time is right. There are no records 
of the amount of shop capacity which has been absorbed by previous 
orders, and as a result there is no definite assurance, other than the 
knowledge the line executives gain by daily observation, that the 
necessary machines for any given operation will be open when the 
work arrives. In the small shop, the executive's personal knowledge 
of the condition of plant capacity may be sufficient. In the large plant, 
it usually is not. As a result, a frequent cause of delay is that work 
must be held up until machines become available. 

Under the conventional type of management there is no formal 
scheduling of production. Usually the superintendent has under him 
a force of men, known as stock-chasers, whose duty is to follow the 
progress of the work through the plant and who are responsible for 
seeing that the work arrives at the assembly floor at the proper time to 
be assembled into the finished product. In some cases the orders for 
the individual parts for a given product are issued by the stock-chaser 
who 1s responsible for getting out production of that product. If it is 
a machine, the orders for the heavy parts, such as the base, frame, 
etc., are issued first when the experience of the stock-chaser tells 
him that they should be if the machine is to be completed and shipped 
as promised. The smaller parts which can be produced in a relatively 
short time are issued later at his discretion. In most instances there 
is no difficulty in connection with the major machine elements. They 
are so important that any interference with their production is imme- 
diately noticed and removed. The smaller parts often cause the delay. 
Because they are small and produced with relative case, their progress 
is not followed so closely and in some instances they may be overlooked 
entirely. As a result, the assembly of the machine may he held up 
because of the failure of some small part to arrive at the proper time 
and quite as effectively as though the base or frame were not on hand. 

If assembly is delayed beyond the promised shipping date, pressure 
is exerted on the production organization by the sales department. 
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As a result, the stock-chaser goes into the shop to speed up the 
progress of parts which have failed to arrive at the assembly floor on 
time. Often the stock-chaser will personally follow the progress of 
delinquent parts through the shop. Current production is set aside 
and the delayed work is placed in the machines. There is delay while 
the old set-up is torn down and the machine is reset for the new job. 
In addition, there is the extra expense of set-ups. ‘The rhythm of 
production is broken and there is a loss of morale resulting from the 
evident inefficiency of the production organization. Furthermore, 
when work is put through the shop under pressure, there is always the 
danger that the quality of the product may suffer. 

While the orders for the various parts may be issued by the super- 
intendent or the stock-chasers, the starting of the operations on a part 
often rests with the foreman. In starting the operations, a forenian 
is influenced more by the convenient distribution of the load on his 
department than by the relations of the parts to one another from the 
standpoint of final assembly. It can hardly be otherwise, as he has 
not a complete picture of the production situation. The two viewpoints 
may be quite different, resulting in delay in the final assembly. Fur- 
thermore, he may be affected by the aggressiveness of the different 
stock-chasers. 

In some plants, hardly 50 per cent of the promise dates made to 
customers are kept. Often when the order is not shipped as promised, 
the delay interferes with the customer's own production program, 
causing him to be greatly inconvenienced. The resulting dissatisfac- 
tion may cause the loss of the customer's business. One of the best 
assets of a plant 1s a reputation for keeping promise dates. 

This is only a partial summary of the losses which may occur from 

poor production control. Usually there are many others resulting from 
poor correlation of the tool supply with the needs of the shop, the 
failure of material to arrive at the starting operations on time due to 
poor material control, lack of standardization of materials and methods, 
and many others. 
Production Control Under Scientific Management. Under scientific 
management, we employ the methods of scientific analysis im the solu- 
tion of our management problems. ‘Taylor defined the art of manage- 
ment as “knowing exactly what you want men to do, and seeing that 
they do it in the best and cheapest way.” * Our problem then is to 
find the one best method of performing and controlling each produc- 
tion function. 

In studying production control in a plant operating under scientific 
management, one of the first developments which attract our attention 


1Shop Management, Frederick W. Taylor, p. 21. 
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is the planning department. It has been introduced as the result of a 
realization of the need of a policy of anticipation in production control 
rather than a policy of drift and check-up which characterizes pro- 
duction control under conventional or systematic management. The 
desirability of employing specialists for the efficient performance of 
the various functions of production control has been seen. 

Production is preplanned, and each step in connection with it 1s 
controlled. The organization of the planning department and the scope 
of its activities will vary between organizations. In some cases it may 
operate largely as a staff organization. In others, the whole organi- 
zation may be highly functionalized, in which case the line organiza- 
tion largely disappears. There is a system of production orders. The 
opening and closing of all production orders is closely controlled by 
the planning department. In order to control production, an effective 
control of materials is necessary. Material control is either under 
production control or closely coordinated with it. The planning de- 
partment directly controls manufacturing orders, the machinery, equip- 
ment, and work-places, the routing of orders, and the movement of 
all work in the shop. In some instances it may even control directly 
the assignment of jobs to workmen. 

As far as possible, the records and standards which are used in 
preplanning production are based on scientific investigation and analy- 
sis rather than on past performances. To illustrate, the time required 
to process a standard number of parts on a given operation now 1s 
determined by methods of time and motion study rather than by 
records of past production. ‘There are complete records of standard 
routings for standard parts and processes. ‘The best sequence of opera- 
tions is worked out, together with the departments in which the work 
should be done and the equipment which should be used for each opera- 
tion. The shop ts held to the standard routing unless some emergency 
arises which warrants deviation from it, in which case proper authori- 
zation for such deviation must be obtained from the planning depart- 
ment. Other illustrations might be given to show that facts obtained 
by rational analysis of production problems have been substituted for 
guesses based on personal experience. 

The scheduling of work through the plant is developed to a much 
higher degree than is possible under the more elementary types of 
management. Inasmuch as the planning department has complete in- 
formation relating to the production of the product, it can determine 
accurately the time when each operation on a given part or product 
should start and stop. As the best method of processing the product 
has been determined, it can indicate to the shop the class of equipment 
which should be used on each operation. In some cases there are 
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records of the capacity of each class of equipment available at any 
time, so that the department can determine whether the operations can 
be performed on the equipment indicated, at the scheduled times. Un- 
doubtedly, methods have been developed and a system of reports intro- 
duced, which will show at any time the location of an order in the 
shop and the relation of its actual to its scheduled progress. ‘The dis- 
patching of orders to the shop is developed to bring the movement of 
work through the shop under the control of the planning department. 
Inasmuch as the work of material control affects directly the work 
of production control, undoubtedly it has been developed to a relatively 
lugh degree. Purchasing is coordinated more closely with the require- 
ments of production, probably through the stores records. Further- 
more, these records will be coordinated more closely with the actual 
inventories under the control of the stores department. In order to 
aid the work of planning, they will show the amount of each item of 
inaterial which has been apportioned against orders which have been 
previously planned, and the amount available for apportionment 
against future orders. The maximum amount of each item of material 
to be ordered at any one time, and the minimum to which such stores 
can fall before orders for new stock are placed, are determined. All 
materials are standardized as to kind and quality to insure that mate- 
rials are used which best mect the requirements of the product and 
that inventories will not be built up unduly as the result of the addi- 
tion of items which are seldom used or whose uses are covered by 
other items regularly carried in stores. Detailed specifications covering 
the characteristics of cach item carried in stores are written to insure 
the procurement of the right kind and quality of material by the pur- 
chasing department. Similarly in connection with each of the phases 
of material control, methods developed as the result of scientific analy- 
sis of the problems of material organization and control have been 
substituted for rule-of-thumb methods based on personal experience. 
To the same degree, the personnel, engineering, and maintenance 
functions which serve the function of production will be placed on a 
scientific basis and coordinated with the work of production control. 
Costs which under conventional or systematic management are largely 
historical are developed to furnish reports which will indicate current 
manufacturing conditions and to this extent assist in the work of 
production control. 
The Organization of the Production Department. The general 
characteristics of the production division have already been discussed. 
The characteristics of the production manager's organization will vary 
with each concern to suit its particular production problems. [executive 
nomenclature is not standard, so it is natural to find that the titles of 
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executives, as well as their duties, also will vary. In order to give some 
concrete idea of the organization of the production department, an 
organization has been set up which is fairly typical, particularly with 
regard to the functions performed by the more fully developed depart- 
ments. Jt must be remembered that in small plants it is necessary to 
combine functions. In large plants, the reverse may be true. Therefore 
the organization which has been shown in Fig. 18 is of value chiefly 
for illustrative purposes. It would be necessary to modify it to suit 
the conditions in any given plant. 
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FIG. 18 
Tre Propucrion MANAGER’S ORGANIZATION 








The production manager is a major executive, reporting to the vice- 
president in charge of production. The two principal functions for 
which he 1s responsible are (1) the control and (2) the execution of 
production. Accordingly, there are two executives reporting to him— 
the planning supervisor who is directly in charge of the control func- 
tion, and the shop superintendent who is directly in charge of the 
execution function. 

Under the direction of the production manager, the planning super- 
visor determines what shall be manufactured, when and how, with due 
regard for engineering standards and any general manufacturing pro- 
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gram) which may have been established. Ile is responsible for the 
work of planning, routing, scheduling, preparation, and dispatching. 
Where the plant has no methods manager, the work of developing the 
production-control methods of the plant will fall largely on him. His 
job calls for a good analytical mind, considerable experience with 
the operation of production-control methods and preferably with their 
installation, ability to supervise a large amount of detail, and a good 
practical knowledge of the plant, the products, and their processes. 
Reporting to him are the chief preparation clerk, the chief planning 
clerk, and the chief scheduling clerk. 

The function of planning is to determine what shall be done and 
how it shall be accomplished. In the exercise of this function in con- 
nection with production-control, the chief planning clerk analyzes the 
manufacturing orders, with the aid of the planning records or informa- 
tion submitted by the sales or engineering departments, in order to 
determine the operations which must be performed, the proper routing 
of the work, the tool, equipment, and material requirements, the proc- 
ess time and other data. Ile writes the various papers used in initiat- 
ing and controlling production. 

The function of scheduling is to determine when or at what rate 
the various operations shall be performed and the events in the manu- 
facture of a product shall occur. With proper regard for the produc- 
tion program, if the company is manufacturing to stock or the promise 
date on the sales order if it 1s manufacturing to the customers order, 
the scheduling clerk determines the date when each operation on each 
part should start and finish. In this connection, he must have or be 
supplied with information concerning the time required to process 
each operation and move the work. He must take into account the 
probable availability of productive capacity at the time when each 
operation is scheduled to start. Ile operates the devices in use for 
checking and controlling the progress of the work through the shop. 
For this purpose he receives reports from the shop indicating such 
progress. Tle is also responsible for originating reports to the plan- 
ning supervisor indicating the status of work in the shop. In a large 
organization he may have a force of schedule clerks, load clerks, and 
dispatchers reporting to him. 

In those concerns in which it is necessary to control the progress of 
each order through the plant, there may be one or more load clerks 
whose function is to‘control the load of work ahead of each group or 
class of machines. The load clerks maintain records of machine 
capacity which show for each group or class of machines or work- 
places, and in some instances for each machine or work-place, the 
amount of machine capacity which has been apportioned against out- 
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standing or planned orders during any future period and how much 
is available for apportionment against new orders. In those concerns 
in which control is based largely on the maintenance of a predeter- 
muned rate of flow from each operation, such capacity records may not 
be necessary as will be shown later. 

The dispatch clerks are concerned with the starting of the various 
operations on orders in the shop. They forward the production papers 
to the shop and control the performance of the individual operations 
with regard for the schedule. 

When interferences to production develop which cannot be handled 
by the shop, they report them to the chief preparation clerk. The 
function of preparation is to insure that the work can be done as 
planned by anticipating and removing impending interruptions to pro- 
duction. In this connection, the chief preparation clerk receives the 
production papers from the chief scheduling clerk and checks them 
with regard to the probable availability of materials, tools, and equip- 
ment. In addition, he may be responsible for the prompt removal of 
any interruption to production which may arise after the order has 
been placed in production and which cannot be handled effectively by 
the department in which it arises. In some instances, he may place 
and follow up tool orders. 

In the production manager's organization, the function of produc- 
tion consists of the actual processing of the work in accordance with 
the plans and schedules which have been worked out by the planning 
department. It is performed directly under the supervision of the 
shop superintendent. Flis function is to coordinate the work of the 
shop departments in order that they may meet these plans and sched- 
ules. He cooperates with the preparation clerk in the removal of 
interferences to production, removes any friction which may develop 
between shop foremen. He 1s interested with the production engineers 
in the development of shop processes. IIe should be technically trained 
or have a broad mechanical experience and should possess an intensive 
knowledge of the shop practice of his particular industry. Combined 
with this there must be considerable executive ability. The foremen 
in charge of the various shops report to the shop superintendent. 

The foreman is in charge of production in a particular shop de- 
partment or group of departments. He 1s responsible for the execu- 
tion of the plans and schedules of the planning department in so far 
as they relate to the operations performed within his department. The 
modern conception of the foreman is that of a leader of his men, a 
teacher who trains them in the best methods of performing their 
operations as determined by time and motion study, a remover of 
interferences to production which arise within the shop, and an execu- 
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tive who sees that the work in his department is completed in ac- 
cordance with the plans and schedules of the planning department. 
Under scientific management, he is relieved of the routine work of 
planning, scheduling, preparation, and following the progress of work 
in his shop, and is therefore free to perform his real functions. 

The assistant foreman relicves the foreman of such work as may 
be assigned to him. In the illustrative organization, his chief duty 
would be that of an instructor. While his function is not the same, it 
is similar to that of the speed boss in the Taylor organization. 

The shop clerk does the routine planning and scheduling of the 
work im the shop. Under the supervision of the foreman, but in 
accordance with the plans and schedules of the planning department, 
the shop clerk assigns the work to the employees, operates whatever 
devices may be used for controlling production in the shop, and makes 
such reports to the planning department concerning production in the 
shop as may be necessary. As far as the general methods employed 
in controlling production in the shops are concerned, the shop clerks 
are under the authority of the planning supervisor. In matters of 
discipline and the day-to-day performance of their duties, they are 
under the authority of the shop foreman. This arrangement insures 
closer coordination of the functions performed in the shop, better dis- 
cipline, and more whole-hearted support from the foremen inasmuch 
as their position 1s not weakened. At the same time, it insures that 
the best methods of controlling production in the shop will be used 
uniformly in each shop throughout the plant. It will be noted that 
the organization which has been set up calls for a form of decentral- 
ized planning. Under centralized planning, most of the work of the 
shop clerk would be taken into the planning-room from which the 
work of each shop would be controlled. The question of centralized 
and decentralized planning will be discussed later. 

The preparation overseer performs the preparation functions in 
connection with production in the shop. In some cases, he may requi- 
sition the material for orders to be started in his shop. He checks the 
receipt of worked material from preceding operations in other depart- 
ments to determine its availability for the operations to be performed 
in his department. In some shops he withdraws the tools required 
for an operation from the shop tool cage and moves them with the 
material to the machine or work-place where the operation is to be 
performed. He moves the work from the machine to the inspector. 
The function which he performs is similar to that performed by the 
gang boss in the Taylor organization. In connection with the general 
method of performing his function, he is under the authority of the 
planning supervisor, In matters of discipline and the day-to-day per- 
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formance of his duties he is under the supervision of the slop foreman. 
The shop movemen report to him. 

The inspector supervises the quality of the work done in the depart- 
ment. Iie does not report to the shop foreman, but directly to the 
chief inspector. 

Fundamental Principles and Axioms Affecting Production Control. 
In addition to the considerations underlying the development of good 
organization and system, there are certain fundamental principles of 
management which directly affect the control of production. The fol- 
lowing statement of these principles is either taken directly or adapted 
from a statement by Mr. L. P. Alford:? 

(1) The Law of Simplification or Specialisation of Product. 

Concentrating upon the manufacture of a single or a few types 
and siscs of product tends to improve the quality and lower the pro- 
duction cost. When this is done, larger lots of material usually can 
be run through the machines before it is necessary to close them down 
and readjust them for the processing of a different type or size of 
product. In most cases there is a steadier, more uniform flow of work 
through the plant, which makes possible greater rhythm of produc- 
tion and greater ease of control, with consequent reductions in unit 
costs. ‘The standardization of materials, product, processes, and meth- 
ods of control can be developed to a higher degree than would other- 
wise be possible. T*or these and other reasons, product simplification 
tends to improve quality and lower unit costs. 

(2) The Law of Product Standardization. 

Determining and fixing the best types, sises, and characteristics of 
the product reduce the cost of its manufacture. 

Corollary: Interchangeable manufacture reduces manufacturing 
cost and, all other characteristics being equal, produces a product of 
mariunum sereiceability, 

The effectiveness of preplanning depends greatly on the extent and 
accuracy of the available information relating to the characteristics 
of the product. 

(3) The Laws of Economic Production. 

The unit cost of production decreases when the rate of increase in 
output mereases faster than the rate of input or use of the production 
factors. 

The unit cost of production increases when the rate of increase in 
output increases at a lower rate than the rate of input or use of the 
production factors. 

While certain factors in the unit cost of the product tend to in- 


1 “Laws of Manufacturing Management,” by L. P. Alford. A paper presented to the 
American Society of Mechanical Engineers, December 6-9, 1926. 
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crease directly as output increases, such as direct material and labor 
costs, certain factors do not, such as rent, insurance, and taxes. 
(+) Vhe Laws of Mass Production. 

Large-scale production tends to increase operating efficiency and 
competitive power. 

In large-scale production the unit time of production tends to ap- 
proach the actual operating time as a limit. 

Usually, the large-scale producer has a more effective control of 
production. In general, it is easier to operate control methods based 
on the control of a flow of production than to operate those based on 
the control of the movement of individual orders. Furthermore, the 
large-scale producer is able to employ executives of greater ability and 
experience. Ile is able to develop a larger and more accurate body 
of information relating to product and processes on which the pre- 
planning of production can be based. He can develop the division 
of labor to a higher degree with increased individual efficiency. He can 
employ economically a larger percentage of single-purpose machinery. 
Inventories are relatively smaller. The turnover of work in process 
is faster due to the more effective preplanning of production and the 
use of more and better material-handling equipment. He can employ 
scientists to conduct research in the development of better products 
and processes. LDecause of his size, the high caliber of his organiza- 
tion, and the favorable publicity which often attends his research work, 
he enjoys favorable prestige with the public which gives him a mate- 
rial competitive advantage. 

(5) The Law of Production Control. 

The highest effictency in production ts obtained by producing the 
required quantity of product, of the required quality, at the required 
time, by the best and cheapest method. 

To the above statement might be added, “7 the shortest practicable 
time.” It does not follow necessarily that because goods of the right 
quality and quantity are received at the right time, the best and cheap- 
est methods have been applied in the most effective manner, This can 
only be assured by the development of effective control methods, sup- 
plemented by proper incentives. 

(6) The Law of Planning. 

The mental labor of production ts reduced to a mininum by plan- 
ning before the work ts started, what work shall be done, how the 
work shall be done, where the work shall be done and when the work 
shall be done. 

To the above statement might be added, “and by insuring that the 
work can be done as planned.” Unless the preparation function 1s 
exercised, the other work of planning may be largely nullified. The 
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preplanning of production should insure that the work will be proc- 
essed in the best possible manner with a minimum of interruptions. 
It relieves the shop organization of many duties which it is poorly 
equipped to perform. 

(7) The Law of Quality Control. 

Control of quality tends to tucrease the output of saleable goods, 
decrease the costs of production and distribution, and facilitates eco- 
nomic mass production. 

The effective control of quality requires an intelligent study of 
methods of work and causes of scrap. Quality control and standards 
result in more dependable quality. Asa result of such study, methods 
of manufacturing are developed to maintain the quality standards 
without increasing costs. 

(8) The Law of [sconomic Lot Size. 

The quanity of product that can be manufactured at lowest unit 
cost varies directly as the square root of the preparation costs and 
meersely as the square root of the interest charge and the storage 
charge. 

There is a certain part of the cost of production, such as the cost 
of the engineering work, the preplanning of production, and the set- 
ting up and adjustment of machinery, which does not vary greatly 
with the quantity produced. Therefore, the greater the quantity pro- 
duced at a single run, the lower will be the unit preparation cost of 
production. Jlowever, if the quantity produced is too great, the period 
of time required for its consumption will be so great that the interest 
and storage charges will more than offset the savings from reduced 
preparation charges. 

In addition to the above, the following principles are so important 
that they might well he stated as laws. 

(9) The Law of Material Control. 

An adequate control of materials 1s a prereqiisite for the effective 
control of production. 

Without such control, there 1s always the danger that materials 
of the right kind and quality may not be present in the right quantities 
when needed. 

(10) The Law of Operating Standards. 

Adequate operating standards are essential to the efficient control 
of manufacturing. 

Without such standards, production cannot be preplanned or con- 
trolled effectively. There are no yardsticks by which the degree of 
perfection in performance can be determined. The degree of accuracy 
and refinement to which operating standards are developed depends 
largely on the requirements of the particular business. In some cases, 
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they may be estimated. In others, they may be the result of extensive 
research. 

Factors Affecting Production Control. ‘The wrincipal factors affect- 
ing production control arc: 


(1) Adequate planning records | 
(2) Planning and routing, 
(3) Scheduling 
(4) Material control 
(5) Tool control 
(6) Dispatching 
(7) The control of time 
(8) Cost control 
(9) Quality control 
(10) lquipment control 
(11) The method and extent of control 
(12) The organization for control. 


The extent to which satisfactory production control can be devel- 
oped depends to a considerable degree on the extent to which adequate 
planning records are available. ‘The planning records are the result 
of an analysis of the product and the processes from the standpoint 
of production. They may be either current or permanent, depending 
on the characteristics of the production problem. If the concern is 
manufacturing strictly to the customer's specifications, the records for 
the most part will be current, consisting chiefly of a bill of material 
furnished to the planning department by the engineering department, 
with supplementary information relating to operations, operating times, 
machines and equipment. Jf the concern is manufacturing continu- 
ously to stock, the product probably will be highly standardized and 
the information will be taken directly from a permanent record on file 
in the planning department. In an engineering industry, such infor- 
mation would be obtained originally from the engineering department. 
Obviously, planning, routing, and scheduling can be done effectively 
only to the extent to which sufficiently accurate planning records are 
available. 

The function of planning has been defined as the determining of 
what shall be done and how it shall be accomplished. Routing is 
the function of determining where the work shall be done. In the 
majority of cases, the exercise of these functions is largely a matter 
of routine clerical work. The necessary information is furnished to 
the planning clerks hy the permanent planning records or by the sales, 
engineering, and production executives. On the basis of such in- 
formation, the planning clerks write the various production papers 
which tell the production organization of what material the product 
is made and how much is required, what operations are performed on 
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each part, how they are performed, the unit time required for the 
performance of each operation, the class of machine to be used, the 
department in which the operation should be performed, the tools and 
equipment required for each operation, and similar information. 

The function of scheduling has been defined as the determining 
of when or at what rate the various operations shall be performed 
and the events in the manufacture of the product shall occur. In the 
case of manufacture to order, the scheduling clerks determine, on the 
basis of the information contained in the production papers, when each 
operation on each part or product should start and finish. The nature 
of the work of scheduling already has been indicated on page 105. 

Material control is concerned with the work of procuring materials 
and their receipt, storage, issuc, movement, and salvage, together with 
the control of inventories. Modern planning methods require that the 
availability of all materials required for an order be known before 
the order 1s released to the shop. Otherwise it may be held up at the 
starting or subsequent operations because of the failure of materials 
of the right kind and quality to arrive at the scheduled time for start- 
ing the operation. Delays to production are costly. 

Similarly, an adequate supply of the right tools must be available 
at the right time. In the average shop the failure of the tool supply 
is a frequent cause of delay. Where tools are consumed regularly in 
the course of production, the supply may become exhausted because 
of poor tool control. Where special tools must be produced or pur- 
chased, they may not be on hand when the operation for which they 
are intended 1s scheduled to start. In a great many plants, the control 
of production in the tool department is poor. As a result, a high 
percentage of the promise dates on tool orders are broken. As previ- 
ously stated, the function of initiating and following up tool orders 
may he one of the functions of the preparation section of the planning 
department. 

Dispatching 1s the function of releasing authority for the perform- 
ance of directly productive operations. Accordingly, the dispatch 
clerks release various production papers to the shop in accordance with 
the time schedule. They receive from the shops various production 
papers, such as operation tickets and production orders which have 
been closed out, which indicate the status of work. 

Closely related to the work of scheduling and dispatching is the 
control of time. There must be a proper record and control of opera- 
tive’s attendance. Jn many cases, schedules may be interrupted seri- 
ously unless the planning department receives notice of the absence 
of workmen within a reasonable period after the beginning of the 
work period. It may be necessary to shift work to other machines. 
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Furthermore, a close control of operating time is advisable. In many 
plants, the relation between the standard time for performing a given 
operation and the actual time taken is the basis of wage payment. 
Reports of the completion of operations with the time taken for their 
performance often are necessary for controlling production, particu- 
larly when the progress of individual orders is being followed. It 
was ‘Taylor's experience that in many cases neither the management 
nor the men have an accurate knowledge of the best method of per- 
forming a given operation and the exact time which should be taken 
to perform it. The essence of scientific management is the determina- 
tion of the one best way of performing a viven function. In connec- 
tion with production, the technique of time and motion study has heen 
developed for determining the best equipment, tools, method of per- 
formance for an operation, and the time required to perform it. 

Good cost control may assist production control by making possible 
comparative reports indicating operations having excessive scrap or 
other costs, which offer opportunities for study with a view to develop- 
ing greater operating efficiency. 

In connection with the control of quality, the inspection organiza- 
tion is engaged in comparing the actual quality produced with the 
standards of quality. One of its functions is to assist in reducing 
scrap, thereby making possible more accurate production control. In 
the case of an assembled product, the control of quality makes the 
work of assembly casier, quicker, and cheaper. Control of the quality 
of materials entering into the product not only improves its quality, 
but makes possible greater and more uniform production. 

An adequate control of equipment is vital to an effective control 
of production. Unless the machinery is arranged to the best advan- 
tage, the greatest economy in the movement of materials and work in 
process and the most rapid turnover of working capital are not pos- 
sible. Unless it is properly maintained, machine break-downs may 
seriously interfere with the fulfillment of the production schedule. 
Furthermore, the standardization of equipment facilitates the control 
of production. If such factors as power, strength, rigidity, feeds, and 
speeds are the same for all machines of a given class, the correct 
method and time for a given operation can be determined and the job 
put on any machine in the proper class which may be open at the 
tine when the operation is scheduled to start. If such factors are not 
the same for all machines in a given class, the job must wait until the 
particular machine on which the operation was set becomes available. 
Obviously, such condition increases the difficulty of making workable 
schedules. 

The method of control must be designed to meet the needs of the 
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particular manufacturing problem. The general basis of control in 


one industry may be quite different from that in another. In fact, 
plants within the same industry often differ sufficiently from one 
another to make it necessary to develop control methods to meet the 
needs of the particular plant. The control methods should include 
control of all of the factors in production. Otherwise the uncon- 
trolled variation of some of them may make it difficult if not imposst- 
ble to make and maintain production schedules and a smooth flow of 
work through the plant. 

The importance of a good organization for production control 1s 

obvious. Some of the more important characteristics of the production 
organization have been discussed previously. 
Types of Industry and Production Control. The problem of con- 
trolling production also is affected by the type of industry in which 
the control is to be introduced. There are two general types— 
(1) assembly industries and (2) process industries. In an assembly 
industry a number of component parts are assembled together to make 
the finished product. [Fach part passes through a series of operations 
which in most cases 1s peculiar to itself. The manufacture of each 
part proceeds independently except that all parts must be completed 
at the proper time for assembly into sub-assemblies or the finished 
product in accordance with the schedule. In some operations it may 
be necessary to process two or more components together. The mate- 
rials from which the various components are manufactured may he 
the same or very different. The machine-tool industry 1s an example 
of this type. Fig. 35 is a manufacturing diagram for an assembled 
product. 

In the process type, the basic material or materials are worked 
through a series of operations into the finished product. The character 
of the materials may be changed radically as a result of these opera- 
tions. Usually the individual identity of the materials is lost in the 
product. The cement industry is an example of a process industry. 
I‘urthermore, such industries may be classified as synthetical or ana- 
lytical. In the synthetical industry, the materials are combined through 
various processes and worked into the finished product. Fig. 20 indi- 
cates that materials A, B, and C are brought together and put through 
operation 1. Material D is added at the start of operation 3. The 
combined materials are then put through operations 3 and 4 to make 
the finished product E. The manufacture of pig iron is a synthetical, 
process industry. In the analytical process industry, one or more basic 
materials are broken down by means of various processes to make 
certain by-products and the ultimate product. In the hypothetical 
case illustrated in Fig. 19, some basic material A is worked through 
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operations 1,2, 3, and 4.) During operation 4, by-product B is drawn 
off. This by-product also may be carried through a series of opera- 


tions before it is worked into its final form. Similarly, by-product C 


is drawn off during operation 5, by-product D during operation 6 
» , 


and the remainder is put through operation 7 to make the ultimate 
product I. The by-product coke industry is an example of an analyti- 
cal process industry. 





FIG. 19 
Tue ANALYTICAL Process TYPE 


In general, the assembly industry bases its control methods on the 
control of the progress of individual orders or lots. Tlowever, when 
an assembly industry manufactures a highly standardized product in 
large quantities, the production-control problems often resemble closely 
those of the process industry. In general, the process industry bases 
its control methods on the control of the flow of work from the 
various operations. 

It is obvious that the methods in use in one type of industry will 
vary considerably from those in use in another. As previously pointed 





FIG. 20 
THe SYNTHETICAL Process TYPE 


out, there usually are enough differences in product, personnel, and 
equipment between two plants in the same industry to make it inad- 
visable to introduce the production methods of the one plant into the 
other plant in their entirety. In some instances, management con- 
sultants have developed certain control methods which they have at- 
tempted to introduce with little modification in a wide range of indus- 
tries. In many cases, these methods have failed or have not produced 
the savings that were anticipated. The above discussion gives a par- 
tial explanation of such failures. 
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In considering the relation of the type of industry to the develop- 
ment of production control methods, it should be remembered that 
between the pure assembly industry and the pure process industry, 
there is a wide range of industries which approach the one or the 
other extreme with varying degrees of closeness. 

Types of Manufacturing. Manufacturing operations can be classi- 
fied as (1) intermittent manufacturing, (2) continuous manufactur- 
ing, and (3) variants of the two preceding types. Internuttent manu- 
facturing may be defined as that type of manufacturing in which labor 
and equipment are applied continuously to materials in the manufacture 
of a given part or product for a relatively limited period. Usually, 
plans are made, material and tools procured, machinery set up and 
adjusted, for a specific order or lot of product. A relatively short 
time is required for the completion of any given operation on a part 
or product. When it has been completed, the set-up is dismantled and 
the machine reset and adjusted for an operation on another part or 
product which‘may be quite different. Continuous manufacturing 
may be defined as that type of manufacturing in which labor and equip- 
ment are applied continuously to materials in the manufacture of a 
given part or product for an extended period. Usually, plans are 
made, materials and tools procured, and machinery set up and adjusted 
to produce and supply continuously a large quantity of parts or prod- 
ucts to the storeroom or the assembly floor over a considerable length 
of time. Once a machine has been placed in production for an opera- 
tion on a given part, it may run on this operation for many months, 
except for occasional shutdowns for readjustment or the replacement 
of worn tools or equipment, In industries which have developed mass 
production to a high degree, many machines may run year after year 
on the same operation until there is some change in the design of the 
product or the method of processing. Many concerns have conditions 
of manufacturing which are variants of the above basic types. 

Types of Production Control. The types of production control are 
(1) the order control type, (2) the flow control type, and (3) vari- 
ants or combinations of the preceding types. In the first type, the 
methods are based on the control of the progress of the order through 
the various operations which must be performed on it. As indicated 
in Itg. 21 each order must arrive at the right department and work 
center at the right time to permit certain specified operations to be 
performed on it in accordance with the time schedule. Sufficient 
machine capacity of the right kind must be available when the work 
arrives. Tools and materials must be on hand. The control methods 
must indicate the status and location of the order at all times, and the 
progress that it 1s making in relation to the time schedule. In the 
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second type. the methods are based on the muuntenance of 


P a predeter- 
mined rate of flow of work from cach machine or work center. The 
? 


cross-hatched areas in Fig. 22 represent this flow. As indicated in 





FIG. 21 


Orptx Contro: DiacRam 
lig. 22, the materials and work in process must flow to and from the 
machines at a fairly constant rate. To attain this condition, the 
machine capacity applied on each operation must be properly balanced. 
Often the rate of consumption of tools is determined and an adequate 
supply kept on hand in the shop tool cage at all times. The control 


methods must indicate, at all times, the current and cumulative quan- 





FIG. 22 
IKLrow Contrrot DIAGRAM 


tities produced on cach operation and their relation to the scheduled 
rate of flow. 

In the above discussion, a work center is any area in the shop 
containing like machines or producing a particular class or kind of 
work which has been designated as a work center. It may include one 
or more machines with the necessary space for the workman and the 
storage of materials and work coming to and from the machines. 
Its size and characteristics are determined by the characteristics of the 
production problem to a large extent. 


CHAPTER X 
PLANNING, ROUTING AND SCHEDULING 


The Determination of the Probable Demand for the Product. ‘Thc 
extent to which the probable demand for the product can be deter- 
mined depends largely on the nature of the product, its demand, and 
the extent to which organization and system have been developed. A 
process industry manufacturing continuously a highly standardized 
product can forecast its demand to a considerable degree if it has well- 
developed performance standards, adequate records, a good system of 
operating reports, and competent statistical and budget departments. 
A highly intermittent assembly industry manufacturing largely to order 
cannot forecast its demand to the same extent. For the most part, it 
must accept the demand as it arises. Obviously the first industry can 
develop a more effective control of production than the second, be- 
cause of its greater ability to anticipate and prepare for the demand for 
its product and to apply certain measures which will indicate the extent 
to which the plant will meet it. 

The more progressive concerns, particularly those making large 
quantities of standard products, maintain statistical departments, en- 
gaged in determining the probable effect on the demand for the prod- 
ucts, of those economic forces which affect business in gencral, those 
which affect their particular industry, and those which have their origin 
in the business itself. Such departments regularly collect and analyze 
a wide variety of business statistics which indicate the extent and trend 
of these forces. As business becomes more complex, such information 
hecomes more necessary because economic forces do not act independ- 
ently but interact upon one another. Low farm prices or extensive crop 
failures may reduce the purchasing power of a large part of the agri- 
cultural population, which in turn may affect adversely the business 
of the mail-order concerns, Even when external conditions are good, 
certain conditions within a particular mail-order concern may prevent 
it from making money. 

From an analysis of statistics relating to general business, the in- 
dustry and the company's business, aided by reports and estimates of 
probable conditions and sales in different sales territories, the statistical 
department determines what the sales during a forthcoming period 
probably will be. This forecast of sales usually must be submitted 
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to some committee, such as the production committee previously de- 
scribed,’ for final approval. Such a committee 1s responsible for the 
determination of what shall be produced and sold, how much and 
when. In it, the views of the sales, production, and financial organ- 
izations must be harmonized. The sales organization naturally wishes 
to sell those lines which have the least sales resistance. The produc- 
tion organization wants to make those lines which give the best bal- 
anced production program and which can be handled with the greatest 
ease in the shop. The financial organization is naturally conservative 
with regard to expansion or changes in policy which involve the ex- 
penditure of considerable sums. It is interested in the sales and pro- 
duction programs because it must finance them. Obviously, in working 
out the details of the sales and production programs, there are many 
factors which must be considered, such as seasonal variations in de- 
mand, the amount and kind of plant capacity available, the most eco- 
nonical quantities to manufacture, the availability of materials, storage 
capacity, and many others. 

On the basis of the sales program, the production organization will 
make up a production program for the period under consideration. In 
most cases, it would be made by the planning department subject to 
the approval of the head of the production organization and the pro- 
duction committee, if there is one. The production program is a fore- 
cast by weeks or months of the production of each item of product that 
probably will be needed to meet the requirements of the sales program. 
Its purposes are to make possible greater effectiveness in preplanning 
production and to set up performance standards against which actual 
performance can be checked. It has the following advantages: (1) 
it permits a more efficient use of plant capacity; (2) it usually results 
in less Jabor turnover; (3) 1t makes possible more effective prepara- 
tion; (4) working capital is used more effectively; (5) relatively 
smaller inventories or raw materials and work-in-process usually are 
possible; (6) because the foregoing result in better management, it aids 
in reducing costs and increasing profits; and (7) the anticipation of 
sales demand makes possible more prompt deliveries to customers. 

If there is a budget department, copies of the sales and production 
programs will be forwarded to it and will be the basis of the expense 
and financial budgets. 

When the production program has been completed, it should show 
the quantities of each product to be manufactured during each month 
or other time division of the period. Jn most cases, the planning de- 
partment will break it down farther to show the quantity of each com- 
ponent part of each product which must be produced. The final pro- 


1 See p. 54. 
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gram in this form may then be analyzed to show the amount and kind 
of each raw material which will be required and when it probably will 
be needed. This information is necessary to enable the engineering 
and tool departments to make changes in design, bills of material, and 
blue prints economically, and tool up the various operations; the pro- 
duction manager’s organization to work out its detailed plans and 
schedules and the purchasing department to procure the raw materials 
and supplies. From time to time during the forecasted period, the 
sales and production programs must be revised to meet conditions as 
they actually develop. Fig. 23 shows part of a monthly production 
program of a large rubber manufacturing plant. 

The procedure which has been discussed above could be applied in 

its entirety only in well-organized concerns, producing standard or 
semi-standard products in quantities. However, the principle of an- 
ticipating and preparing for the sales demand has wide applicability. 
The extent to which it can be applied naturally decreases as we approach 
the small concern which is manufacturing a purely custom-built prod- 
uct to the customer's specifications. 
Sources of Authority for the Manufacture of the Product. The 
three principal sources of authority are (1) the production program, 
(2) the sales order, and (3) the manufacturing requisition. All of 
these sources are not present in every plant. 

The production program, previously discussed, and the parts and 
assembly programs derived from it, may authorize directly the manu- 
facture of the specified quantities of the items indicated on it. 

In many concerns, the chief and perhaps only source of authority 
is an order from the sales department. In others, it may be the au- 
thority for the manufacture of special product to the customer’s speci- 
fications. 

Some plants manufacture certain finished parts and supplies to 
stock. Inventories of these items usually are maintained on a maximum- 
minimum basis. When the inventory of a given item falls to a certain 
minimum quantity, the balance of stores department writes a manu- 
facturing requisition for the maximum or ordering quantity. This 
requisition is the authority of the production organization to manu- 
facture the specified quantity. The maximum and minimum quanti- 
ties may be determined in part from the requirements of the production 
program. Fig. 25 shows a manufacturing requisition. 

The Planning Department. The production program, when finally 
approved, becomes the responsibility of the planning’ department. 
When the authority to manufacture is properly released by the head of 
the production organization, the planning department must initiate 
and control the production and assembly of the parts and products 
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called for in the parts and assembly programs which have been derived 
from the production program. Similarly, in a concern manufacturing 
strictly to order, the sales order when finally accepted becomes the re- 
sponsibility of the planning department in so far as the functions of 
production are concerned. In the latter case, delivery dates should 
not be promised without the knowledge and consent of the planning 
department. 

The planning department of the modern plant has been modified 
considerably from that originally described by Taylor.’ The person- 
nel function in industry has been developed. As a result, most of 
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REQUEST FOR MANUFACTURING ORDER 
Courtesy——Remington-Rand, Inc. 


FIG. 25 
A MANUFACTURING REQUISITION 


the personnel duties which were performed by Taylor's planning de- 
partment have been transferred to a personnel department. The work 
of determining production standards usually is done by a time-study 
department which may or may not be connected with the planning de- 
partment. Many other illustrations could be given. With the dif- 
ferentiation and development of the functions of management, there 
has been a tendency to relieve the planning department of those func- 
tions and duties which do not pertain directly to the planning and con- 
trol of production. 

The duties of the planning department will vary between plants 
for many reasons, such as differences in product, control methods, or 
the progressiveness of the managing executives. In those concerns 


1 Shop Management, by Frederick W. Taylor, p. 111. 
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in which the planning department is well developed, it may (1) an- 
alyze orders and make delivery promises, (2) plan and route orders, 
(3) write various production papers, such as material requisitions, 
production orders and tool and equipment lists, (4+) place and follow up 
tool orders, (5) see that material is available and apportioned for use 
on planned orders, (6) determine time relationships between the 
processing of operations and flow of orders through the shop, or the 
rates of production of various parts and products, (7) dispatch work 
to the shop or the employee, (8) control the movement of materials 
and work, (9) control plant capacity, and (10) maintain adequate 
planning records. 

Centralized and Decentralized Planning. Methods of planning and 
controlling production may be classified in two general groups—those 
in which the work is largely centralized and those in which it is largely 
decentralized. Inasmuch as many degrees of centralization are pos- 
sible, there is no sharp dividing line hetween them. 

Under centralized control, all of the work of planning and con- 
trolling production is brought into the planning department. It super- 
vises directly the work in the shop, planning and scheduling it in detail. 
It assigns and issues the work to the operatives, determines the ma- 
chines on which each job shall be done, controls the movement of ma- 
terials and work-in-process, and performs simular duties of .shop 
management. Centralization of control is intended to get greater coor- 
dination by bringing together all of the work of control at one point, 
The foreman is relieved of all duties except those which have to do 
with instruction and leadership in the shop and the removal of shop 
interferences to production. Undoubtedly the efficiency of the foreman 
is increased when he is relieved of many of the routine duties which 
have been imposed on him under the military form of organization. 
However, under centralized control, he may feel that the management 
of his department 1s around him rather than through him; that his 
position in the organization has been depreciated; that he is expected 
to get results without having sufficient control of his shop. As a result, 
there 1s the danger that the foreman’s cooperation may be lost or at 
least given grudgingly. Without such cooperation, the effective con- 
trol of production is difficult at best. Furthermore, centralized control 
is likely to become top heavy and cumbersome in large organizations. 

Under decentralized control, the planning and control of production 
within the department is handled by the department. Such work as 
the assignment of men to jobs, the routing of work to machines, the 
scheduling of work within the department, is handled from the shop 
office. Usually, this work 1s done by a shop clerk, often called the de- 
partment planning clerk. In matters of discipline and the routine per- 
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formance of his work the shop clerk reports to the foreman. In such 
matters as methods of handling his function, he reports functionally to 
the planning supervisor. This arrangement has the advantage that it 
strengthens the authority of the foreman, and as a result gets greater 
cooperation from him. Usually, it is easier to make use of his valua- 
ble experience with the production problems of his shop. 

Decentralized control undoubtedly has greater flexibility than cen- 
tralized control, for the reason that shop conditions and shop planning 
are brought closer together. The shop foreman and the shop clerk 
have a more intimate knowledge of the individual characteristics of 
the men and machines in the shop than can any clerks in a central 
planning office, unless the plant is of moderate size and has a highly 
developed system of control and intercommunication. When inter- 
ferences to production arise in a given department, often they can be 
handled to better advantage and schedules adjusted with less difficulty 
by the shop executives. Provided the work moves into and out of 
the department on time, the schedule is not affected by minor adjust- 
ments within the department. Of course, the planning department 
must be informed of such interferences even though no action may 
be required of it. Because of its greater flexibility, decentralized plan- 
ning usually ‘is found in the larger plants. In smaller plants, the plan- 
ning department is n closer contact with actual shop conditions. There- 
fore, central planning with its possibilities of greater coordination of 
control, may be used successfully. 

There are cases where central planning has been worked out suc- 

cessfully for plants of considerable size. Before the war, the Franklin 
Manufacturing Company developed a central planning system. While 
it functioned effectively, 1t required the use of highly developed meth- 
ods and expensive control apparatus. 
Types of Orders. In the average manufacturing plant, many types of 
factory orders are used which affect, directly or indirectly, the control 
of production. In general, such orders may be classified as (1) manu- 
facturing orders, (2) expense orders, and (3) asset orders. 

Manufacturing orders control the manufacture of the product. 
The more common classes of such orders are (1) the manufacturing 
order, (2) the production order, (3) the production sub-order, (+) 
the replacement order, (5) the rush order, and (6) the repair order. 

The manufacturing order authorizes the manufacture of a given 
number of units of finished product. It may originate either from a 
production program, a sales order or a manufacturing requisition. 
Usually, it is issued directly from the office of the chief production 
executive. In the case of the organization shown on page 104, this 
would be the vice-president in charge of production. 
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The production order authorizes the manufacture of a given quan- 
tity of a particular component part. It may be written by the planning 
supervisor with the approval of the production manager. The deter- 
mination of the quantity to manufacture is affected by a number of 
factors such as the stock of parts on hand, the extent to which parts 
are interchangeable between different styles and models of product, 
their rate of consumption and others. Fig. 28 is an example of a pro- 
duction order. 

The production sub-order is the authorization issued to the de- 
partment foremen to process a given operation on an order. Fig. 26 
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shows such an order. It is issued by the planning supervisor. In 
many plants, the operation ticket > or work order performs this func- 
tion in place of a formal production sub-order. If there is a large 
quantity to be processed requiring considerable time, the amount of 
scrap and good work may be recorded daily on the back of the sub- 
order. In addition to giving the foreman the authority to process, 
the sub-order may be used to close out the operation after its com- 
pletion, thereby assisting in the dispatching of the order. 

In addition there may be replacement orders authorizing the 


1See p. 146. 


POSTED BY:— 


A PRODUCTION SCRAP 
wales parE [JS EJ ESS BALANCE 


DUE 










DAY NIGHT QUANTITY 





Sanne 


TELE 





Courtesy ~The Winchester Repeating Arms Co. 
FIG. 27 
A Propuction Sus-OrpeER—Back 


128 FACTORY ORGANIZATION AND MANAGEMENT 


processing of a quantity sufficient to replace the amount scrapped on 
a production order. Such orders are issued only when the amount of 
scrap has been considerably greater than that anticipated. In most 
plants, rush orders giving priority to particular production orders are 
issued occasionally. In many cases, too often. Replacement and rush 
orders tend to disrupt the normal routine of the shop and should be 
issued only when absolutely necessary. Repair orders may be issued 
from time to time authorizing the manufacture of repair parts. Ob- 
viously, such orders would be used only in connection with the manu- 
facture of an assembled product. 

I’xpense orders are issued for work in connection with the repair 
and maintenance of plant and equipment and other work of an expense 
nature. Asset orders are issued to authorize work which increases the 
capital value of the plant. The scope of this hook does not permit 
discussion of these two types despite their importance. 

As will be seen, the primary purpose of factory orders is to facili- 

tate the control of manufacturing activities through the proper release 
of authority. 
The Planning and Routing of Orders. The detailed planning and 
routing of orders begins when the production manager's office receives 
some form of authority to process a given quantity of product. This 
authority may be released by means of a monthly production program 
or a manufacturing order as previously stated. On the basis of this 
authority, production orders are written for each component part re- 
quired. In an assembly industry having order control, the planning de- 
partment, under the authority of the production order, will plan and 
schedule the production of each part. 

The planning and routing of the order require (1) the determina- 
tion of the kind and amount of material needed to manufacture the 
required quantity. This information is obtained originally from the 
engineering or the production organization; (2) the determination of 
the operations to be performed. The processing of the product is usu- 
ally done by the engineering department when there is one. In other 
cases, the processing may be done by the planning department with 
the assistance of the production executives. By some means, the list 
of operations through which each part or product must pass and the 
class of machine on which each operation should be performed, must 
be determined; (3) the determination of where each operation shall 
be performed. The sclection of the department in which each op- 
eration on a part or product shall be performed depends largely on the 
relation of the operations to one another and the location and equip- 
ment of the different departments. Routing endeavors to obtain the 
best flow of work through the plant and the best utilization of the 
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equipment ; (4) the time required to process a unit quantity on each 
operation. Without such information, the order could not be scheduled 
or checked against available machine capacity with sufficient accu- 
racy; (5) the tools and equipment required for each operation; and 
(6) the origination of various production papers giving to the schedul- 
ing and preparation sections of the planning department and the pro- 
duction organization the information necessary for the proper per- 
formance of their respective functions. 
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A PropuctTion ORDER 


The planning and routing of orders in a process or assembly indus- 
try having flow control is fundamentally the same as in an assembly 
industry having order control. U'sually there are relatively fewer 
orders for larger quantities. The routing may be established perma- 
nently by the nature of the processes. For these and other reasons, 
the problem, while fundamentally the same, is usually simpler in process 
or assembly industries having quantity production and flow control. 
The Planning Records. If the product is a standard article, the infor- 
mation necessary for planning and routing probably will have been 
compiled and entered in a permanent record. For convenience, this 
record may be called a master plan of work. <A typical master plan 
of work contains the following information: 
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(1) Name and description of the product or component part. 

(2) Its product symbol. 

(3) The materials. 

(a) Kind 
(b) Quantity required per unit of product. 
(4) The opcrations. 
(a) The operation number. 
(b) A description of the operation. 
(c) The department in which cach operation is performed. 
(d) The machine class for the operation. 
(c) The time per unit of product required for cach operation. 
(f) The tools and equipment required for each operation, such as jigs, 
fixtures, gauges, dies, etc. 
(5) The number of parts required per unit of finished product. 
Fig. 29 is an example of a master plan of work. 

Most of the information on the master plan of work is obtained 
originally from the product and production engineers, some from the 
time-study department, and some from the production executives. 

In the case the product is being manufactured to the customer's 
specifications, the planning of the order will be based on bills of ma- 
terial submitted by the enginecring department or similar papers in 
the case of a nonengineering industry. The bill of material, in addition 
to giving a list of parts and their material requirements, should give 
much of the information found on the master plan of work. It ap- 
plies specifically to the particular order under consideration, and in 
many cases, the data is estimated rather than ohserved or recorded. 
Writing the Production Papers. On the basis of the information given 
by the master plan of work or the bill of material, the various produc- 
tion papers are made out. The nature of these production papers, the 
number of copies of each which are made out, the executives who 
receive them, and similar considerations depend on the system of pro- 
duction control under consideration. The more common are: 

(1) Operation Tickets. These tickets are sometimes called work 
orders or time tickets. They are the authority of the workman for 
performing a given operation, and in some instances they may take the 
place of the production sub-order. They are often the basic records 
from which the workman’s pay is determined. On them is recorded 
the standard time or the actual time when the operation is started and 
finished, or both. In addition, it gives such other information as may 
he necessary to identify and control the operation. Usually they are 
made out in duplicate.’ Fig. 40 is an example of an operation ticket. 

(2) Material Requisitions. The material requisition is a written 
order on the storeroom for the issue of a certain kind and quantity 
of material. It is the basis of the entries in the stores ledgers covering 

*See p. 146 












_N LAN OR Ie eNO OS 
ee i ee 
Ee eee ed Ee Lo i 
\ imide oe tk re 
ett le tle ae al Ne Ce a ee 
heel ee eee ee, i ee 
etl ay ee De ee ee ee 
Fete ae ee ee, eae ee ey (el a 
Sey eee ee ee i es Seen 
Ie Ee (ee eA | ee Se 
eae RSC (ce | (ee 
Re ea ee 
pasaicl paces a OS : 

aia 

= S2DNVUTIOL ONY S3DNYMCTIY 

aa hd NOLdIv D890 





um WOLIIENI 


a Noidtw9840 F scuanasa for wolid.2$20 
GNlOd SNIGION ONY NOLLYWEHO 40 NOILaNoSa0 


! 
GaDVD UBNNLOVANNVA 





gg a Pe 





ae 
— ee ee x 














——o wu OL GALONUUOD © nn 8 
a "OM GMO MN mm 0 rere TY 
Sh ON BLISS NVId TWuaN35 LNSWLY¥d3g NNS 


Al Wt RR 


132 FACTORY ORGANIZATION AND MANAGEMENT 


the transaction and may be the basis of material costs. In some cases 
the materials and supplies used directly in the product may be requisi- 
tioned by the department foreman rather than the planning department. 


Fig. 79 shows a material requisition. 
(3) Route Sheets —The route sheet is an instrument used in the 


planning, routing, and dispatching of work. Its use will be explained 
presently. 
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FIG. 30 
A Bru ofr Matertat FoR USE IN PLANNING 


(4) Route Tags—These are tags which are attached to the work 
to identify it and to direct its movement through the shop. Fig. 31 is 
an example of a route tag. 

(5) Production Sub-orders.—In some plants sub-orders are writ- 
ten, under the authority of the production order, for each operation 


PLANNING, ROUTING, AND SCHEDULING 133 


which must be performed on an order. Their use will be explained 
later. Fig. 26 is an example of a sub-order. 

(6) Tool and Equipment L.tsts.—TVhese are lists made from the 
master plan of work or the bill of material, showing the kinds and 
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quantities of tools and equipment required for each operation on an 
order. They enable the preparation section to check the availability 
of tools and equipment and to insure that they are on hand when 


needed. Fig. 32 is an example, 
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The information which appears on the production papers must be 
obtained by some one, some time during the manufacture of the order, 
If the information is standardized as far as possible and the work of 
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supplying it 1s organized and done in advance of processing, the shop 
will get better and more complete information than would otherwise 
be possible and at less expense. 

In a plant in which the preplanning of production has been well 
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developed, the production papers will be made out in the planning sec- 
tion. They are forwarded by it to the scheduling section, which will 
schedule the various operations and eventually will dispatch certain of 
them to the shop. 
Forms do not constitute management. They are merely convenient 
instruments for applying certain principles and performing certain 
functions of management. Consequently, they should be designed to 
facilitate the smooth operation of the system, which in turn should be 
designed to meet the needs of the particular manufacturing problem. 
The forms shown are merely illustrative. In a great many cases, 
they could not be used without considerable modification. 
The Route Sheet. ‘The route sheet is an instrument, which is used for 
checking the planning and dispatching of production orders. Fig. 33 1s 
an example. A separate sheet is made out for each order. The char- 
acter of the information usually found on the route sheet 1s indicated 
below: 


(1) Name and description of the part or product. 
(2) Part or product symbol. 
(3) The drawing number. 
(4) Quantity in the lot. 
(5) The kind and quantity of material required. 
(6) The opcration list. 
(a) Sequence of operations. 
(b) The department in which each operation is performed. 
(7) Columns for checking the completion of each operation and the movement 
of work. 
(8) Boxes for checking the progress of planning and preparation. 

As the various production papers are written, the proper box 1s 
checked and initialed. When planning has been completed, the route 
sheet 1s forwarded with the other production papers to the scheduling 
section. The form shown in Fig. 34 is intended to be used for schedul- 
ing as well as planning the order. 

The route sheet is one of the earliest devices developed for con- 
trolling the planning and production of an order. From it have come 
most of the more complex graphs and control boards sometimes fownd 
in order-control systems. 

In industries using flow control methods, the route sheet usually 
is not found. Planning, preparation, and scheduling are performed 
with a view to maintaining a desired rate of production rather than 
a desired rate of progress of a specific order or lot. 

Scheduling. Scheduling has been defined as the function of deter- 
mining when or at what rate the various operations shall be performed 
and the events in the manufacture of a product shall occur. 

The principal factors which may enter into the making of a schedule 
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are (1) the time required for procurement by purchase, (2) the time 
required for procurement by manufacture, (3) the time required for 
assembling the product, (4) the assembly relationships, (5) the avail- 
ability of productive capacity, and (6) the relative need for the order. 
In some instances, raw materials are purchased for a specific order or 
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it may be necessary to replenish stocks of raw materials and supplies. 
In the case of an assembled product, there may be certain parts that 
are purchased. The time required to procure such items must be con- 
sidered in making a schedule. Similarly, there are often certain sup- 
plies or materials which are produced within the plant. In determining 
time relationships, a principal factor is the time required to put the 
parts or products through their processes. This time includes the time 
required to move materials and work-in-process. If the product is an 
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assembly of many parts, the time required to assemble them must be 
considered. Furthermore, assembly relationships must be considered. 
Some parts require more process time than others. Some are assem- 
bled with other parts in sub-assemblies before finally being assembled 
in the finished product. Such factors must be considered before the 
time when each part or operation should start can be determined. It is 
difficult to maintain a schedule unless machines or men and work-places 
of the right kind are available when an operation is scheduled to start. 
Consequently, some control of productive capacity is necessary, par- 
ticularly when the progress of a large number of orders must be con- 
trolled. Finally, the need for some items is greater than, for others. 
Certain orders may be for stock. Others may be required to meet the 
emergency demands of a valuable customer. Therefore, it is often 
necessary to consider the relative need for various items in making or 
revising a schedule. 

In general, the work of scheduling falls into one of two classes— 
scheduling with order control and scheduling with flow control. In 
the first instance, each order is scheduled separately with regard to 
the date when it is wanted in finished stores or the assembly floor, and 
its progress through the various operations and departments on its 
operation list is followed. The manufacturing and assembling time 
relationships between the various parts entering into the finished prod- 
uct often are of great importance. The condition of plant capacity 
must be watched constantly. 

In scheduling with flow control, the conditions of production ap- 
proach a continuous flow of work through the plant into stores. Some- 
times, in a plant manufacturing large quantities of product to stock, 
a machine or group of machines may work steadily on a certain op- 
eration on a part or product for months. Under such conditions, 
scheduling consists in checking the flow of work from each operation 
against a predetermined rate of flow. The progress of the order, as 
such, is not followed, although the flow of production usually is broken 
up into orders and in turn into lots of convenient manufacturing size 
to facilitate the work of production and cost control. 

The route sheet in Fig. 34 illustrates the principles of scheduling 
with order control. When it is received, together with the other pro- 
duction papers, the blocks at the top of the sheet, marked SO, OT, MT, 
and Tools, will have been checked, showing that the sub-orders, op- 
eration tickets, move tag, and tool list have been written and should 
be attached. Inasmuch as the operation tickets and the move tag re- 
quire no further preliminary attention, the first two blocks will carry 
the planning clerk’s initials and the date when the production papers 
were written. 
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The schedule clerk determines the approximate date when each 
order should start and finish. To do this, he must have data relating 
and assembly times and assembly relationships. Fig. 35 is 
bly diagram of the manufacture and assembly of a 

product requiring the manufacture of eight parts, two sub-assemblies, 
and the final assembly. The horizontal lines represent the parts and 
assemblies. The vertical lines represent the joining of the parts in 
assemblies and the joining of major parts and the sub-assemblies into 
the finished product. If the length of the line IA represents the time 
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An ASSEMBLY-SEQUENCE CHART 


required for the final assembly of a standard lot, the length of the line 
SA #1, the time required for sub-assembly #1; the length of the line 
P #4, the time required for the processing and moving of part #4, the 
starting-point of line P #4 indicates the relative time at which its manu- 
facture should begin in order that it may be completed in time for its 
assembly with P #2 and P #5. The time scale at the top of the diagram 
shows that in this case P #4 should start 45 days before the manufac- 
ture of the products is completed; SA #1, 29 days; FA, 15 days. The 
numbers on the part lines are the operation numbers. Their position 
indicates the relative time when each should begin. If the product were 
being manufactured to order in standard quantities, such an assembly 
chart could be used for controlling the progress of orders. The actual 
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calendar dates, rather than the number of working days before com- 
pletion of final assembly, would be shown on the scale. If more or 
less than the standard quantity were manufactured, the time relation- 
ships would be modified accordingly. In many cases, parts may be 
manufactured to stock to be withdrawn from stores subsequently as 
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needed. In the case of a given part, such as P #4, the schedule clerk 
would then be interested only in the time relationships indicated by 
the line P #4 and the relation of the amount ordered to the amount 
on hand, the rate of consumption, and the available machine capacity. 
Either from an assembly chart or from statistical data the schedule 
clerk determines the date when each operation should start and finish. 
These dates would be entered tentatively on the route sheet, and the 
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sub-orders. They would then be forwarded to the load clerk, who 
would check the dates against available machine capacity. On each 
sub-order, the planning section has previously entered from its master 
plan of work the machine capacity required for each operation to pro- 
cess the quantity specified by the production order. 

As previously noted, in many plants the determination of routings, 
process times, assembly relationships, and other factors 1s a matter of 
the experience of the production executives. Stock-chasers are ex- 
pected to start orders through the shop in the proper sequence and get 
them through to the assembly floor at the proper time. Such haphazard 
control can only result in delays, inefficiencies, and increased costs. 

In scheduling with flow control, the schedule clerk is interested very 

little, if at all, in the progress of a specific order through its various 
operations, but is greatly interested in the maintenance of the required 
rate of flow of work from each operation. While as before, there 
must be standards of performance against which actual performance 
can be checked, the standards and methods are different. Fig. 36 
shows a form which might be used for flow control in such cases as 
the manufacture of standard nuts and bolts in quantities. In the ex- 
ample shown, the production program calls for the manufacture of the 
part or product in question at the rate of 5,500 pieces per week during 
the period covered by it. Evidently, the order was scheduled to start 
on February 12th. In the column headed total good, the figures un- 
derlined show the cumulative total which should have been produced to 
the end of any given week. 
The Control of Capacity. In the case of order control, it is necessary 
to have some knowledge and control of the availability of machine ca- 
pacity. With a large number of orders moving through the shop, 
many of which require the same kind of capacity for different oper- 
ations and different lengths of time, such control is most important. 
Otherwise there is no assurance that capacity of the right kind will 
be available when an order arrives in a department, unless there is an 
excess Of men and equipment over normal requirements. 

The function of the load clerk is to control plant capacity. A 
number of methods of performing this function have been used. One 
method 1s to use a simple statistical record such as that shown in Fig. 
37. For each department and each class of machine there is a sepa- 
rate sheet. On each sheet there are vertical columns for the order 
numbers for which machine capacity has been set aside, the amount 
of machine capacity which has been apportioned, and the amount which 
has been released. There is an apportioned and released column for 
each week. In addition to the machine time required, each sub-order 
shows the machine class on which the operation should be performed. 
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On the load sheet, the order and operation numbers are entered. Op- 
posite them, the machine hours required are entered in the apportioned 
column for the week in which the operation is to he done. At any time, 
a balance can be struck to show the total apportioned. When a sub- 
order is closed out after the completion of the operation, the process 
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is reversed. The sub-order on being received from the shop is routed 
through the load clerk. ‘The order number is entered as before and 
the machine hours released are entered 1n the released column for the 
week in which the operation was scheduled to be done. At the top of 
each sheet appears the number of machine hours per week which are 
available for this class of machine in the particular department. A 
comparison of the total available machine capacity with the balance 
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available indicates roughly whether it is safe to schedule an operation 
for the day shown on the route sheet. In the event that there is 
danger that there will not be available machine capacity on that date, 
the schedule clerk should be notified accordingly. Jf the dates are sat- 
isfactory, the load clerk merely initials and dates the machine block 
on the route sheet and returns it with the sub-order to the schedule 
clerk. 

In some cases, a closer control of capacity may be required, in 
which case it may be desirable to use some device such as the Gantt 
layout chart,t which shows graphically each job planned for each 
machine for each hour in each day of the period covered by the chart. 
Preparation in the Planning Office. The function of preparation must 
be performed in any organization which attempts the preplanning of 
production with a view to developing a more effective control of pro- 
duction. When the production orders and sub-orders have been sched- 
uled and checked for the availability of machine capacity, they must 
be checked for the availability of materials and tools. Otherwise orders 
may be held up by shortages of these items. In order that this may 
be done, the material requisitions, tool list, and route sheet for each 
production order are forwarded to the preparation clerk. Upon re- 
ceipt of these papers, the preparation clerk sees that the material called 
for on the material requisitions is set aside for the order on the stores 
books. If previous production requirements have been so great that 
there is not sufficient material available for apportionment against the 
order, a new supply must be purchased. The preparation clerk is 
notified of the fact, and when the new supply will be on hand. If the 
shortage of material interferes with the schedule, the schedule clerk 
must be notified by the preparation clerk. Similarly, the preparation 
clerk sees that tools and supplies which are needed for the order and 
which are carried regularly in stores are set aside for it. Usually the 
preparation clerk places orders with the tool department for any spe- 
cial tools and equipment which may be needed. He secures promise 
dates for the completion of tool orders in conformity with the schedule 
shown on the route sheet and notes these dates on the tool list. The 
progress of tool orders is followed to insure that they will be delivered 
as pronused. When materials for the requisitions have heen appor- 
tioned and promise dates have been received for tool orders, the ma- 
terial and tool blocks on the route sheet are initialled and dated by the 
preparation clerk. The route sheet and material requisitions are then 
returned to the schedule clerk. 

In the case of a system of flow control, the availability of tools and 
materials might he checked on duplicate copies of tool lists and 


1See The Gantt Chart, by Wallace Clark. 
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material lists, which would then be forwarded to the schedule clerk. Fig. 
38 is an example of a material list. 

There are many ways in which the preparation function can be 
performed. The above methods have been given because they are 
adapted to the forms which have been shown and are relatively simple. 
They merely illustrate the principle that in so far as such a thing is pos- 
sible, interferences to production should be anticipated and removed in 
advance of actual production. 
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Dispatching and the Control of Operations. In order to control pro- 
duction properly the system should have a control of operations through 
the proper release of authority for their performance. Otherwise, a 
foreman may start the orders in his shop to meet his convenience or 
the degree of pressure exerted by different stock-chasers rather than 
the needs of the schedule. Orders rarely progress uniformly as sched- 
uled. Some tend to draw ahead of their schedules. Others tend to 
fall behind. In order to determine the extent to which this is taking 
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place, the system should make possible a check of actual production 
against scheduled production. Furthermore, it should have a positive 
means of closing out orders to enable the production and accounting 
records to be closed out promptly. 

The system of filing production papers should be such that they 
will come automatically to the attention of the dispatch clerk at the 
proper time. In the case of order control, the production papers and 
route sheets would be filed in sequence of order numbers. The route 
sheets would he filed together in some form of loose leaf binder. The 
sub-order, operation ticket, and material requisition for a given opera- 
tion are clipped together. The production papers for a given order 
are filed in sequence of operations in back of the production order. 
The route tag and the production papers for the first two operations 
are filed in a tickler file a day or two in advance of the date when the 
first operation is scheduled to start. In the case of the route sheet 
shown in Fig. 34, probably they would be filed to come out on February 
8th. On that date the route tag, material requisition, sub-order, and 
operation ticket for operation No. 1 would be sent to department No. 
21. The sub-order and operation ticket for operation No. 2 would be 
sent to department No. 28. At the same time, check marks would be 
made in the operation column of the route sheet for operations Nos. 1 
and 2, showing that the production papers for these operations had been 
dispatched. 

The control device should show the availability of tools. When 
the production papers for an operation are dispatched, this point should 
be checked. If the tools are not on the job, steps should be taken to 
find out why they are not and when they will be. Using the records 
and instruments which have been described previously, this place of 
the preparation function might be performed as follows. When the 
tools for a given operation have been made, the tool department noti- 
fies the preparation clerk by a duplicate copy of the tool order or other 
means. The preparation clerk checks off the operation on his tool 
list and notifies the schedule clerk, who makes a line check in the tool 
column of the route sheet, opposite the proper operation. At any time 
a glance at the route sheet will show the availability of tools for each 
operation. In the example shown in Fig. 34, the tool orders for all 
operations have been placed and delivery promises received. The 
tools have been delivered for all operations except No. 3. 

Material ur work-in-process should not be moved from one oper- 
ation or department to another except on proper written authority. 
The instrument which gives this authority is the move order, signed 
by some authorized executive. An example is shown in Fig. 48. In 
complete central planning, the move orders would be made out in the 
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central planning office. In decentralized control, the move orders usu- 
ally are made out by the department foreman or inspector. When the 
material has been moved from stores to the first operation, the material 
requisition, properly receipted, is forwarded to the planning office, 
where the schedule clerk checks the movement of material on the route 
sheet by making a full check in the move column opposite the first 
operation. The requisition is then forwarded to the balance-of-stores 
clerk for entry in the stores books. Subsequently, when the job is 
moved from one operation to the next, a copy of the move order is 
sent to the planning office, where the schedule clerk checks the move- 
ment of the job on the route sheet as before. The route sheet in Fig. 
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34 shows that the job has been moved to department No. 3+ for oper- 
ation No. 3. 

In order control, it is usually necessary for the planning office to 
receive prompt notice of the start and finish of each operation. There 
are various methods of notifying the office. When an operation starts, 
a notice such as that shown in Fig. 39 may be made out by the shop 
office and forwarded to the planning department. On its receipt, the 
schedule clerk half-checks the operation column on the route sheet 
opposite the operation. When the operation has been finished, the 
shop office enters on the sub-order any shop information relating to 
the operation that is required by it. The sub-order is then forwarded 
to the planning department. On its receipt, the dispatcher removes 
from the file the production papers for the next operation to be dis- 
patched and forwards them to the shop, at the same time checking the 
operation on the route sheet. With the system which has been de- 
scribed, the production papers for operation No. 3 would be sent to 
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department No. 34 when the sub-order for operation No. 1 was received 
from department No. 21. The sub-order is then turned over to the 
schedule clerk, who completes the check in the operation check column 
for operation No. 1. It is forwarded by the schedule clerk to the load 
clerk, who enters on the machine-load record the amount of capacity 
released. As previously stated, the operation ticket may also be used 
to perform the functions of the sub-order, particularly when the opera- 
tions are of short duration. When this is done, the operation ticket 1s 
provided with check blocks marked F and NF, which can be checked 
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to show whether the operation is finished or not finished. Fig. 40 
shows an operation ticket of this kind. 

It 1s inevitable that from time to time some work will be spoiled. 
In some cases the work can be reprocessed and saved. In others, it 
must be scrapped. In starting an order, the number of pieces wanted 
may be increased by the normal percentage of scrap. Some record of 
the amount of good work and scrap usually is necessary for the con- 
trol of quality and may be necessary for payroll purposes. In most 
cases, the information is obtained from inspection reports, originated 
daily by each inspector for the work completed in his department. A 
copy may be forwarded to the planning department for its informa- 
tion. On the route sheet in Fig. 34 this information has been entered 
in the columns headed “Good Work”’ and “Scrap” for each operation 
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The record shows that three pieces were scrapped on operation No. 2, 
department No. 28. 

It is also inevitable that from time to time there will be interrup- 
tions to production, even though there may be good control. These 
interruptions may be minor and of such nature that they can be re- 
moved easily by the department foreman without serious effects on 
the schedule. They may be major interruptions requiring the assist- 
ance of the planning or maintenance department. In such cases, 1t may 
he necessary for the planning department to change the schedule for 
an order or reroute it. Therefore, the planning department should 
receive prompt and complete notice of all major interruptions to pro- 
duction. Fig. 41 shows an interruption report. When it is received 
from the shop, the schedule clerk notes the interference on the route 
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sheet in the column headed remarks, opposite the operation which is 
held up. ‘The report is turned over immediately to the preparation 
clerk, who is responsible for the prompt removal of the interference. 
In emergencies, this procedure may be short-circuited by telephone, but 
an interruption report must be made out by the shop office in confir- 
mation of the telephone notice. The route sheet in Fig. 3+ shows that 
operation No.-2, department No. 28, has been completed and the work 
noved to department No. 34. However, operation No. 3 has been held 
up because the tool department has failed to deliver the tools as prom- 
ised. 

The Order of Work. In decentralized control, what is known as the 
order of work may be used to get a closer control of operations. Fig. 
42 is an example. Theoretically, such a form is not necessary. <Ac- 
tually it may be, because orders seldom go through exactly in accordance 
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with schedules. (Customers may request a change in delivery dates. 
Machine breakdowns may delay the progress of the order. For these 
and other reasons, it may be necessary to give certain orders priority 


and to hold others back. 
The order of work shown in Fig. 42 would be used somewhat as 


follows. An operation list such as that shown in Fig. 43 would be 
made out and filed in a tickler file to come out on the day preceding 
that on which the next operation is to start. On any given day, the 
operation lists for all orders having operations scheduled to start the 


WORK TO BE STARTED IN.CAI/Y DEPT. ON LS 
or Claes 
2a -1200| 0 |Mill mace |erl 
- : e ® L 


ad FM far {V¥Oo ol- SO d 


















Me | aq o> Fo 


ne Es ORDER OF WORK 
Courtesy— Remington-Rand, Inc. 


FIG. 42 
AN OrpiER OF Work 


next day are automatically brought to the attention of the dispatch 
clerk. The operation lists are sorted by departments and the oper- 
ations scheduled to start the next day are noted on the order of work 
for each department as shown in Fig. 42. The order of work may be 
made out in duplicate. The operation lists are returned to the tickler 
file against the scheduled date for the following operation. In the 
afternoon, the order of work for each department is forwarded to it. 
The following morning, the foreman checks the operations that can 
be started, notes in the column headed remarks why the others cannot, 
and sends the original copy to the planning department. In the illus- 
tration it will be seen that operation No. 8 on order No. 1,260 can be 
started, but operation No. 3 on order No. 1,132 cannot, because of 
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lack of tools. The foreman sends the duplicate copy to the planning 
office at the end of the day. Some operation which was reported as 
started may have been held up. Some operatien which was held up 
may have been started. Those operations which have not started are 
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entered by the dispatch clerk at the top of the order of work for the 
next day. They continue to appear on the order of work until the 
order is out of the department. The order of work is turned over to 
the schedule clerk, who half checks on the route sheet those operations 
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which have started. Any interferences also may be noted on the proper 
route sheet. The order of work then goes to the preparation clerk, 
who is responsible far removing the interferences. Vhe department 
cannot start operations which do not appear on the order of work. 

If the schedule or routing is changed, the operation list and route 

sheet must be changed accordingly. Schedule changes on the operation 
list automatically speed up or retard the order. In some cases rush 
orders may also be used for emergency or delayed orders, in conjunc- 
tion with thé order of work. 
Progress Reports. Reports concerning the progress of orders should 
be made periodically to the planning supervisor, the shop superintend- 
ent, and the production manager, in order that they may be apprised 
of any critical situations which have arisen. Applying the exception 
principle, only those orders which are behind schedule should he re- 
ported, together with the reasons for delays and any action that has 
been taken. The time of executives should not be wasted in looking 
over reports of orders whose condition requires no action. 

Progress reports should be rendered weekly at least. In many 
cases, daily reports may he necessary. If the order of work is used, 
the final copy for Friday, which would be available Saturday morning, 
should be analyzed. All orders which were not started Friday as sched- 
uled should be checked on the route sheet to determine how many days 
each is behind schedule. This information is noted on some form of 
progress report similar to that shown in Fig. 44. In the case illus- 
trated, the need for order No. 1,132 evidently is urgent because the 
tool makers working on the tools for operation No. 3 have heen au- 
thorized to work overtime in order to get them out at the earliest pos- 
sible moment. 

The Flow Control of Operations. In most cases when flow control is 
used, large quantities of standard products are being manufactured to 
stock at some predetermined rate. The manufacture of any given item 
continues over a considerable period of time. The rate at which it is 
to be manufactured is determined from the production program. Usu- 
ally, the availability of productive capacity is determined approxi- 
mately at the time the program is made. Consequently, a detailed 
record of available capacity may not be necessary and usually is not 
found. In place of the route sheet, some statistical or graphical record 
of progress which will show the actual rate of production compared 
with the scheduled rate is used. A statistical record of this kind was 
shown in Fig. 36. Inasmuch as operations continue over a consid- 
erable period, operation tickets probably will be and material requisi- 
tions may be written in the shop office as required. Sub-orders should 
be written authorizing the processing of each operation on a lot. On 
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the back of the sub-order, the production and scrap record for the lot 
may be entered daily as shown in Fig. 27. As before, there must be 
some mechanism for placing and following tool production and for 
removing interferences to production. It will be seen that in most 
cases the methods for a flow control of production are simpler than 
those for an order control. 

Reports of production and scrap, such as shown in Fig. 45, are 
received from each shop department daily. If a production record 
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such as that shown in Fig. 36 is used, the production and scrap for 
each order and each operation would be entered daily on the sheets for 
each product. In the case illustrated, the schedule for the item calls 
for the production of 5,500 pieces per week. Out of a total of 5,750 
pieces produced on operation No. 1 during the first week, 141 were 
scrapped, 5,609 good. The scheduled productron was exceeded by 
109 pieces. The first week's schedule for operation No. 2 called for 
3,500 pieces ; 2,140 were produced, of which 357 were scrapped, leaving 
1,783 good. Due to excessive scrap, production was 1,717 pieces less 
than the scheduled quantity. As in order control, periodic progress 
reports should be made to the production executives. These reports 
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should show the amount by which the actual cumulative total produced 
to any given date is less than the scheduled cumulative total, for each 
operation behind schedule on each order. Such a progress report is 
shown in Fig. 46. Shortages are also expressed in terms of days re- 
quired to make them up. 

Closing Out Orders. There must be some means of notifying all in- 
terested parties of the completion of an order. When the last operation 
sub-order has been received, the production order is removed from 
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the file and the progress record closed out. Any information of per- 
manent value not shown on the progress record may be indorsed on 
the back of the production order. These papers are then turned over 
to the planning section for permanent filing. The planning section 
may analyze them to correct or modify its planning records or they 
may be used in planning orders for which no standard planning data 
are available. 

In most cases, the cost department must receive notice of the 
conipletion of orders so that it may close out the cost records. A copy 
of the production order or the assembly order often is used for this 
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purpose. In some instances, the final operation ticket may perform 
this function. 

Progress Charts and Production Control Boards. Various charts and 
control boards have been developed for controlling production. The 
production-control methods must necessarily be developed to permit 
these devices to function effectively. Accordingly, they will differ from 
the methods described above, although the same fundamental principles 
are applied. For the most part, these devices are developments of 
modifications of the assembly chart, route sheet, or the production 
record which have been shown. 


CHAPTER XI 
PRODUCTION CONTROL IN THE SHOP 


WHEN centralized production control is used, all of the work of 
planning and scheduling production is done in the planning office. The 
workmen receive their job assignments and the movemen their move 
orders directly from it. The foreman retains the functions of leader- 
ship, instruction, and removing interferences. These are considered by 
many to be his real functions. 

When decentralized production control is used, the planning office 

plans, schedules, and dispatches to the department rather than the 
machine or the workman. Operation tickets and move orders are issued 
from the shop office. The shop clerk, under the direction of the fore- 
man, plans and schedules the production of the shop subject to the 
schedule dates appearing on sub-orders. Usually, the executive status 
of the foreman is higher under decentralized than it is under centralized 
planning. For a number of reasons, some of which have been discussed 
previously, the present trend seems to be toward decentralized con- 
trol. Therefore, this type of control will be the basis of the following 
discussion. 
Planning and Scheduling in the Shop with Order Control. The pro- 
duction papers received from the planning office should be filed sys- 
tematically rather than in a convenient drawer in the foreman’s desk. 
If the order of work is not used, probably they will be filed in the 
chronological order of schedule dates. An exception would be made 
in the case of those jobs which require considerable time and which 
must be started quite some time in advance of the scheduled completion 
date. As the work progresses, the papers would be withdrawn fron: 
the file in the chronological order in which they are filed. The sub- 
orders would be filed by order numbers in an active file. The manner 
in which the other papers would be handled would depend on the sys- 
tem of shop control in use. If the order of work were used, the pro- 
duction papers would be filed by order numbers. They would be 
withdrawn in the sequence indicated by the order of work. 

A great many devices have been developed for planning and con- 
trolling the work in the shop. A discussion of all of them is beyond 
the scope of this book. Whatever the device, it should show at least 
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(1) the load of work ahead of each machine or work-place, (2) the 
specific jobs to be done at each machine or work-place, and (3) the 
order in which these jobs should be done. One of the earliest devices 
is the planning board. An example is shown in Fig. 47. There are 
three sets of hooks for each machine or work-place. The top set holds 
the operation ticket for the job at present on the machine, the middle 
set holds the operation tickets for the next job to be done, and the bot- 
tom set holds the operation tickets for other jobs planned for the 
machine in the order of their schedule dates. At the beginning of the 
day, the shop clerk withdraws from the file production papers for suf- 
ficient jobs to keep the shop running throughout the day. Under the 


SDDS 
PEE st 


Jos 4N 


BEE 
BEBE 
BREE 
BEV 
PL Jelly 

S| 

Ny 

| 

iS] 


Ma) A) a 
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supervision of the foreman, the jobs are planned for specific machines. 
The operation tickets for the jobs assigned to a given machine are 
then arranged on the lowest set of hooks for that machine in the order 
of their schedule dates. If the order of work is used, it may cause a 
modification of this arrangement or a rearrangement of the operation 
tickets for jobs previously planned. The advantage of preplanning pro- 
duction in the shop is that the foreman in a relatively short time can 
survey the production situation in his shop as a whole and lay out the 
work for the machines or work-places in a manner that will meet the 
schedules of the planning office to the best advantage. Unless unusual 
situations arise in the shop, the foreman is then free to devote most 
of his time to removing interferences to production in his shop and 
raising the efficiency of his men. Jn many shops, the foreman spends 
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a good share of his time in deciding what job a certain workman 
shall do next and in seeing that he gets started on it properly. 

In the case of the first operation on an order, the shop clerk may 

give the material requisition and the route tag to the preparation over- 
seer, who sends it to the storeroom with a trucker. The storeroom 
takes the requisition, attaches the route tag to the material, and re- 
leases it to the trucker, who moves it to the department and to the 
machine, under the direction of the preparation overseer. Jn some in- 
stances the requisition may go directly to the storeroom. The mate- 
rial is then delivered by the internal transportation system at the proper 
time. 
Dispatching. In the shop, the function of dispatching is to release to 
the workman, at the proper time, the authority to perform a certain 
operation on a specified quantity of raw or worked material required 
for an order. One of the functions of the planning board is to control 
this release. Such control obviously has an important relation to the 
problem of processing orders in the proper sequence at the proper 
time. 

When the workman finishes a job, he brings his operation ticket to 
the shop-office window. In some cases the method of controlling shop 
time, wage payment, or cost accounting may require that the elapsed 
time for the job be recorded on it. If such is the case, the operation 
ticket will be time-stamped to show the exact time at which the ticket 
was returned to the shop office. When the work was planned, the 
shop clerk noted on the operation ticket the employee's name and num- 
ber, the quantity of work, and the number of the machine on which 
the work was to be done. When the operation ticket is received from 
the employee and time-stamped, the shop clerk turns to the planning 
board and removes the duplicate copy of the operation ticket from the 
top set of hooks for the machine. The operation tickets for the next 
job to start on that machine are removed from the middle row of 
hooks. The original copy is time-stamped to show the time when the 
operation started and 1s given to the workman. He withdraws from 
the shop tool cage whatever tools he may need and returns to his 
machine. The work has been moved to his machine previously by a 
shop trucker on the authority of a move order written by the prepara- 
tion overseer. The shop clerk hangs the duplicate copy of the operation 
ticket on the top row of hooks for the machine. The operation tickets 
for the next job in chronological sequence of schedule dates are re- 
moved from the hottom set of hooks and hung on the middle set. 

The Preparation Function in the Shop. The recognition and proper 
performance of the preparation function is a prerequisite for the 
smooth running of the shop. The failure to note the absence of work 
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or certain tools for an order before the workman appears for his op- 
eration ticket results in confusion and delay, making it difficult to 
meet the schedule date for the operation. In the organization which 
has been set up for illustrative purposes, the preparation function in 
the shop would be administered by the preparation overseer, under the 
supervision of the foreman. The manner in which the function is ad- 
ministered will vary between organizations, depending on the produc- 
tion-control methods in use. 

When work 1s received from another department, the foreman or, 
if there is one, the preparation overseer receipts the move order. The 
quantity received is noted on the operation tickets for the next opera- 
tion on the order and on the operation sub-order if on2 is used. It is 
then forwarded to the planning office, where the movement of the order 
is checked off on the route sheet. 

The preparation overseer should watch the third row of hooks on 
the planning board. If the top pair of operation tickets on the third 
set of hooks for a given machine has a check-mark across the face of 
it, the materials and tools for that operation are available. If the 
preparation overseer sees a pair of tickets that have not been checked, 
he immediately investigates the condition of the order. If the mate- 
rial and tools have been received, he puts his check-mark on the opera- 
tion tickets. Otherwise he takes such action as may be necessary to 
remove the impending interference. ‘The shop clerk does not move 
tickets from the third to the second set of hooks unless the preparation 
overseer’s mark appears on them. 

In some cases, tool coupons may be used. They would be made out 
by the planning department and would be received in the shop office 
with the other production papers. When the preparation overseer 
wishes to check the availability of tools for a given operation, he takes 
the tool coupon to the tool cage and determines whether any special 
tools listed on it have been received from the tool department. If they 
are on hand, the coupon is given to the tool-cage clerk, who gets the 
tools listed on it and places them in a tote box. The coupon is then 
returned to the shop office. When the workman gets his operation 
ticket, he is given the tool coupon for the operation. Je hands it in 
at the tool-cage window and receives the tote box containing his tools. 
When the operation is finished, the workman returns the tote box and 
tools to the tool cage. The tool coupon is given back to him and 
destroyed. When some such procedure 1s used, the tool coupon is an 
instrument aiding the performance of the preparation function and the 
control of shop tools. 

Interferences to production should be reported promptly to the 
planning office by the shop office. When a machine is closed down, a 
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colored ticket, indicating the nature of the interference, may be hung 
on the planning board on the top set of hooks for the machine. 

The Inspection Function in the Shop. The standards of quality are 
equally as important as the standards of quantity. With some types 
of work they may be much more important. Consequently, the control 
methods should afford (1) some effective method of comparing the 
actual quality produced with the standard of quality. Otherwise, 
defective work may pass through a number of subsequent operations 
after it has been spoiled. Obviously, the labor that has been expended 
on such operations has heen wasted. If the product is assembled, 
defective parts reaching the assembly floor increase the labor and 
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expense of assembly and may materially impair the quality of the fin- 
ished product; (2) they should afford some method of recording 
results from the standpoint of quality. Many plants have highly or- 
ganized inspection departments, responsible for the maintenance of 
quality standards. If it is to function effectively, the inspection organi- 
zation must receive prompt, detailed reports showing where the quality 
standards are not being maintained properly and why; (3) in those 
plants in which it is desirable to pay the employee in proportion to 
the quality as well as the quantity produced, they should afford some 
method of noting quality results on the original record of the em- 
ployee’s earnings. As in the case of the other functions of manage- 
ment, there are many ways 1n which these fundamentals can be applied. 
The following method is fairly typical. 

When the employee completes an operation on an order, he checks 
and initials the operation on the route tag and sets the work to one 


PRODUCTION CONTROL IN THE SHOP lol 


side. He takes his operation ticket to the shop office and receives the 
operation ticket for his next job as previously described. One of the 
functions of the foreman and the preparation overseer is to see that 
finished work is moved promptly. When any considerable quantity of 
finished work accumulates at a machine, the foreman or the preparation 
overseer writes a move order such as are shown in Fig. 48, authorizing 
the shop truckers to move the work to the next operation or the inspec- 
tor. The move order usually shows the part name and number, the 
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AN INSPECTION REPORT 


operation name and number, the employee's number, the order and 
lot numbers, and the quantity started. This information is obtained 
from the route tag. 

When the work comes to the inspector, it is inspected for quality 
and quantity. The inspector notes the quantity of good work com- 
pleted on the route tag. The quantity of good work and scrap is noted 
on the inspection report and on the back of the move order. Fig. 49 
is an example of an inspection report. The move order ts sent to the 
shop office, where the amount of good work and scrap is noted on the 
operation sub-order. This information may also be noted on the 
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employee's operation ticket, depending on the system of wage payment 
in use. Finally, the inspector makes out a move order authorizing the 
movement of the work to the next operation. If the work is to be 
moved out of the department, a move order distinctly different from 
the department move order may be used. Often such move orders 
are made in duplicate, so that one copy can be returned as a receipt. 

Closing out Orders in the Shop. \Vhen an order is completed, the 
shop files and records should be cleared of all production papers relat- 
ing to it. The planning office should be given complete information 
concerning the operation which affects its control of production. 

When the original operation ticket is turned in at the shop-office 
window by the workman and is time-stamped, the duplicate or board 
copy of the ticket is removed from the planning board. The sub-order 
is removed from the active file and clipped to the operation tickcets.. 
When the move order is received from the inspector, the information 
relating to good work and scrap is indorsed on both copies of the 
operation ticket and in some cases may also be indorsed on the back 
of the sub-order. The production papers are then forwarded to the 
planning office. 

In the planning office, the information on the sub-order and the 

duplicate operation ticket is used to check the route sheet and the 
machine-capacity record. The original copy of the operation ticket 
goes through to the cost department. In some cases the time taken 
on the operation first may be extended in the planning office or the 
time study section and the employee's efficiency computed. 
Flow Control in the Shop. When large quantities of standard prod- 
ucts are being manufactured continuously for stock or for the assembly 
floor, the work is flowing constantly to and from the machines in a 
more or less steady stream. Specialization and the division of labor 
often are highly developed. A man may work on a job consisting of 
a single operation on a piece for weeks or months. Certain machines 
regularly work on certain operations. Accordingly, the planning and 
scheduling of work may be a minor function in the shop. 

For convenience, the flow of any particular kind of work may he 
broken up into orders, which in turn may be broken up into lots. The 
operation sub-orders for each lot may be the only production papers 
sent by the planning office to the shop. When a Jot of work arrives in 
a department, it may not he necessary to determine on what machine 
it shall he processed and in what sequence in relation to other lots. 
Therefore there may be little or no necessity for a shop planning board 
of the kind previously shown. Operation tickets usually are written in 
the shop office for each day’s production for each employee. 

As the work arrives in the department, the preparation overseer 
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sees that it is moved by the truckers to the proper machine. His 
familiarity with the operations being performed regularly in the depart- 
ment makes it unnecessary for him to consult some device such as the 
shop planning board. IJlis chief concern is to see that at all times 
there 1s an adequate bank of work ahead of each machine. In addi- 
tion, he must see that work is removed promptly as completed. When 
highly productive automatic or semi-automatic machinery is being used, 
this function may be very important. If it is not performed properly, 
the work piles up around the machine and in the aisles, hampering the 
operator and impeding the movement of work through the shop. 
When any quantity of work accumulates at the machine, a move order 
is written by the foreman, the preparation overseer, or in some cases 
the machine adjuster. 

When the work has been inspected, the inspector indorses the quan- 
tity of good work and scrap and the causes on the back of the move 
order or makes some record such as a weight slip. At the close of the 
day, the inspection information on the backs of the move orders or 
weight slips 1s summarized on an inspection report such as that in 
lig. 49. The original copy is sent to the chief inspector and the 
duplicate copy to the shop clerk. 

The shop clerk enters the quantity of good work and scrap on the 
employee's operation ticket and on the back of the sub-order as shown 
in Fig. 27. The operation ticket and the duplicate copy of the inspec- 
tion report are forwarded to the planning office. The sub-order for 
a given operation and lot is not sent to the planning office until the 
operation is closed out as far as that particular lot is concerned. 

The methods of moving work into and out of a department funda- 
mentally are no different from those in the case of order control. 


CHAPTER XII 
QUALITY CONTROL 


The Importance of Quality Control. The quality of the product is 
that combination of attributes which distinguishes it from similar 
products. Quality control is the function of insuring that these attri- 
butes conform to certain prescribed standards, and that their relation- 
ships to one another are properly maintained. A standard may be any 
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generally accepted criterion. In the case of a manufactured product, 
the standards for the various attributes must be such that the product 
will satisfactorily meet the customer's demands. Inspection is the 
function of determining for a given item or items the extent to which 
these attributes conform to the prescribed standards. In the manufac- 
ture of interchangeable metal parts, uniformity of size and contour, 
conforming to specifications, 1s vitally important. Consequently, in 
such manufacture inspection includes gauging, “a process of measuring 
manufactured materials to assure the specified uniformity of size and 
contour.” * A gauge is “a device for determining whether or not one 
or more of the dimensions of a manufactured part are within specified 
limits.” Fig. 50 illustrates a tapered plug gauge and its use. 


1 Tolerances, Allowances, and Gages for Metal Fits, by the American Engineering 
Standards Committee, December, 1925. 
2 Laws of Manufacturing Management, hy L. P. Alford. 
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Mr. L. P. Alford states as a principle of manufacturing that “the 
quality of manufactured goods is a variable with an upward trend 
under conditions of competitive manufacture.” * While this statement 
may be subject to some modification, it is sufficiently correct for a large 
number of industries. One form of competition is quality competition. 
Once the public becomes accustomed to a higher standard of quality it 
will not return readily to a lower standard. Unless properly controlled, 
higher quality may result in higher costs. Therefore, in the majority 
of modern industries it is most important that the standards of quality 
be maintained and advanced when necessary to meet the public's 
increasing quality demands, but with the greatest economy. Conse- 
quently, quality control 1s an important phase of modern management. 

Properly organized and centralized quality control has a number of 
advantages. It results in greater uniformity of product and more 
dependable quality, a distinct advantage in distribution. It is not neces- 
sary that a manufacturer produce the highest quality to be successful. 
However, it is most desirable that the degree of quality produced be 
maintained invariably, in so far as economical manufacturing permits, 
in order that the public in purchasing units of the particular kind or 
brand, may have confidence that it will always receive this degree. The 
scrap problem is brought under control. By varying the strictness of 
inspection, the percentage of loss can be controlled for economical 
production, within the limits set by the standards of quality. By 
pointing out the causes of scrap, the inspection organization can be a 
powerful influence for its reduction. With such reduction, there are 
fewer interferences to production due to the scrapping, replacing, or 
reworking of materials. Consequently, the ease and accuracy with 
which production is controlled is increased. The costs of production 
are reduced. In the case of an assembled product, good quality control 
results in greater interchangcability of parts. Inasmuch as parts require 
little or no fitting, assembly costs are reduced. Furthermore, strict 
interchangeability makes it possible to give the customer better service 
in promptly supplying repair parts that will replace worn or broken 
parts without requiring considerable fitting. ‘or these and other rea- 
sons, a good control of quality usually is essential to successful manu- 
facturing. Radford states as a fundamental principle of manufacturing 
that “the positive and continuous control of quality to definite standards 
within limits and at all stages of manufacture is at the root of produc- 
tion economy.” * 

The maintenance of the highest standards of quality, consistent 
with economical manufacturing and the class of goods being produced, 


1 The Control of Quality in Manufacturing, by G. S. Radford. 
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does not necessarily mean a reduction in the per capita production of 
the plant. In fact, many industrial executives feel that if quality 1s 
properly controlled, quantity will follow as a natural consequence. 
Wisely selected standards are educational. They compel the organiza- 
tion to use the best available methods and guide it in their use. In- 
creased production follows naturally. It must be recognized that 
quality control, like other phases of management, can be refined beyond 
the point of diminishing returns. Obviously, unnecessary inspection 
and standards of quality that are unjustifiably high are to be avoided. 
The point of diminishing returns depends on the nature of the manu- 
facturing problem. Its determination is largely a matter of judgment 
and experience. 

The development of effective quality control can be accomplished 
only as the result of a careful analysis of the product and its attendant 
production problems from the standpoint of quality maintenance. Such 
analysis should begin with the design of the product and the procure- 
ment of materials and should bring within its scrutiny every phase of 
production until the product is finally shipped. It does not follow that 
the authority of the inspection organization shall extend over every 
phase of production, except in so far as the maintenance of quality is 
concerned. 

The development of a good inspection organization is a requisite 
for successful quality control. Quality is an intangible thing in many 
respects. It is difficult to measure and control. Furthermore, it is 
not exact and invariable. Standards of quality can be set up, but exact, 
continuous attainment of these standards is impossible. Furthermore, 
the close attainment of standards when carried beyond a certain point 
will result in prohibitive costs. Deviations from the standards of 
quality must be permitted in the interests of economy. However, such 
deviations must be controlled. Otherwise, they will tend to become 
larger and larger, resulting in a variable quality that is unsatisfactory 
to the public. A trend in this direction is natural. The quality of the 
raw materials varies. Due to the wear of tools and other reasons, the 
processes themselves will vary. The greater the permissible deviations 
from the quality standards, the greater the ease with which the pro- 
duction organization can attain the desired production. To prevent 
such deviations from exceeding permissible limits, there must be an 
organization, charged with the responsibility of maintaining reasonable 
standards of quality, which will watch vigilantly all deviations from 
such standards and take such action as may be necessary to prevent 
their growth. Such an organization is usually known as the Inspection 
department. 
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The Basis of Quality Control. ‘There are five factors in the control 
of quality—(1) the selection of the attributes in which each unit of 
product must agree, within the practical limits of economical manufac. 
turing; (2) the selection of quality standards; (3) the development 
of methods and instruments for determining and controlling the degree 
of quality produced; (4) a procedure for checking the accuracy of the 
instruments; and (3) an organization for quality control. 

As previously stated, the attributes and their standards must be 
selected with a view to meeting satisfactorily the quality demands of 
the public. Their selection requires a meeting of the minds of a 
number of executives whose manufacturing interests, to some extent, 
are not exactly in accord, The sales executive, closely in touch with 
the consuming public, is best able to advise regarding changing quality 
demands. It may be necessary to discount his advice partially, inas- 
much as the sales organization naturally desires maximum quality and 
nunimum prices to facilitate distribution, an ideal which may be imprac- 
ticable if profits are to be maintained. The engineering executive is 
able to advise regarding the attributes necessary for the successful 
functioning of the product. Ile also may have a tendency to insist 
on unnecessarily high quality standards due to a natural desire for 
mechanical perfection. The production executive is interested in qual- 
ity standards because of their relation to quantity production and 
costs. Tle desires standards of quality that will not increase the diffi- 
culty of maintaining high production and low costs. Huis tendency may 
be to insist on standards of quality that are too low. The inspection 
executive is able to advise regarding the practicability of maintaining 
suggested quality standards and their relation to economical standards 
of production. The materials executive 1s able to advise regarding the 
relation of materials to quality maintenance. To harmonize these 
views, some committee, such as the product committee discussed in 
Chapter V, may be desirable. 

The final selection may include a number of attributes of dimension, 
finish, color, strength, and others. Attributes must be selected for the 
product not only in its final form, but also for cach stage in its produc- 
tion. Consequently, consideration must be given to the nature of the 
manufacturing processes involved. 

Standards are a basis of comparison. They may be the result of 
custom or convenience or may be developed from some fundamental 
law. In the Bureau of Standards at Washington there are standards 
of volume, weight, length and others which have been made as accu- 
rately as is humanly possible. Our measures in daily use have been 
compared, directly or indirectly, with these standards. In the industrial 
organization there must be certain standards for each of the various 
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attributes of the product with which it can be compared at each stage 
of its production, to determine the extent to which the desired attri- 
butes are present. It should be possible to express these standards in 
units which are universal, at least in so far as the particular industry 
is concerned, and which are easily read and understood by the average 
employee. 

If the control of quality is to be effective, there must be some prac- 
tical means of comparison. Such means will vary with every industry, 
in some cases crude and in others highly refined. Furthermore, it 
must be possible to apply these means economically. In the manufac- 
ture of interchangeable metal parts, gauges have been developed which 
permit a direct, quick comparison. Examples were shown in Plate 14. 


= WCTICESI DENT 
epee en OF SALES 





PROOUVETION CANE F™ CAVI EF 
PIANAGCESLOC INSPEOCTOLF ENGINEEF 


NSPE lia 
ed 
Sr SAN Ad CLAS “Come MIA ad (INSPECTION ASIN TANTS 
OE FAALRR TIL 
INS PES TOR 


FIG. 51 
THE INSPECTION OrGANIZATION 


Whatever the instrument for determining the degree in which a par- 
ticular attribute is present, it is desirable that it be such that the average 
employee can use it with little training. It should be accurate and 
sensitive to degrees greater than those required of the product. 

The instruments themselves may become inaccurate, due to wear, 
Improper use, or other reasons. Consequently, it is desirable to have 
some central point under the authority of the inspection department, 
where these instruments may he checked for accuracy. This may be 
a standards section under the inspection department. This section is 
equipped with highly accurate master standards and means of com- 
parison. 

Finally, the effectiveness with which quality is controlled is affected 
by the efficiency of the inspection organization. 

The Organization for Quality Control. An inspection department or- 
ganization is shown in Fig, 51, 
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In the above organization the chief inspector reports directly to 
the vice-president in charge of production. In some plants he reports 
to the chief engineer. Occasionally he reports to the production mana- 
ger. Ilowever, it is probably better to give the chief inspector a rank 
equal to that of the major sales, production, and engineering executives, 
for the reason that these executives have a natural tendency to be 
biased somewhat in their views regarding quality control. If he is 
inferior to them in rank, he may be forced to give their views more 
than their proper weight. The responsibility for controlling quality 
economically should be fixed solely on the chief inspector, subject, 
perhaps, to the gencral supervision of the product committee. Tle 
should have the necessary authority to perform his function efficiently. 
Mr. L. P. Alford states as a principle of management that “the inspec- 
tion function in manufacturing for highest efficiency must be inde- 
pendent of, but coordinate with, the functions of engineering, produc- 
tion, and sales.” + In order to discharge his responsibilities properly, 
the chief inspector should have mechanical sense and considerable tact 
and personality to enable him to discover and remove the causes of 
excessive deviations from the standards of quality. 

Reporting to the chief inspector, there is an inspection foreman 
who directly supervises the work of the department inspectors. Ile 
must see that the quality standards are applied correctly and continu- 
ously. In large organizations there may be a foreman in charge of 
the inspectors in each major shop division, These foremen report 
directly to an assistant chief inspector. 

The department inspectors are engaged in inspecting and sorting 
the worked materials that have been processed in their respective de- 
partinents. Work that 1s nonstandard must be separated from that 
which is standard. Instructions must be written to show what disposi- 
tion shall be made of the nonstandard work. Some idea of the duties 
of the department inspector has already been given in Chapter NT. 

The supervisor of inspection standards has charge of the inspection- 
standards section. Tle is responsible for the accuracy of all instru- 
ments of comparison, These instruments should be checked periodically 
against master standards. In order that this may be done properly, 
the supervisor of inspection standards should have a well- equipped 
standards laboratory containing precision measuring devices. THe 
should be a highly skilled mechanic with considerable experience in the 
making of tools and gauges. Under him there may be a number of 
skilled nmechainies engaged in checking the accuracy of tools, jigs, fix- 
tures, and gauges. 

The foreman of receiving inspection is responsible for the quality 


1 The Laws of Manufacturing Management, by L. P. Alford. 
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of all raw materials and supplies received into the plant. Such mate- 
rials and supplies must be checked to insure that they conform to the 
specifications in the purchase order. 

The chief inspector may also have one or more staff assistants 
reporting to him. They handle special problems in quality control 
and such other duties as may be assigned to them. ‘They may analvze 
reports from the department inspectors, similar to Fig. 49, making 
such investigations as may be necessary to determine the causes of 
unusual deviations from the quality standards. Under the direction 
of the chief inspector they may work with the engineering and produc- 
tion organizations in developing methods that will decrease scrap 
without decreasing production on operations that have been causing 
trouble. Working with the personnel organization, they may endeavor 
to develop better methods of wage payment and promotion that will 
decrease turnover among the inspectors and increase their efficiency. 
The Responsibility for Quality. The kind and character of the va- 
rious attributes of the product are determined by the manner in which 
the production organization does its work. The skill and care with 
which it makes the product determine the quality. Therefore the 
production organization is primarily responsible for the quality of the 
product. The inspection organization is responsible for a thorough, 
accurate comparison of the product with the standards of quality, and 
for analysis of the causes of deviations from such standards which 
will lead to their removal. 

The inspection department should be responsible for stopping losses 
which may result from failure to meet the quality standards. If a 
piece 1s machined improperly, all subsequent work done on it is lost. 
Subject to such general supervision as may be exercised, the inspectors 
should be the final authorities in determining what work is standard 
and what is not. I*urthermore, the inspection organization should be 
the final authority in the determination of what and how much inspec- 
tion should be given to the product after each operation. If poor 
work is due to defective tools or poor adjustment, it will continue to 
be produced until the cause is removed. In such cases, the authority 
of the inspectors should include the right to close down the machines 
producing the scrap until the condition is corrected. 

Factors Affecting the Work of Inspection. The degree of quality re- 
quired, the nature of the processes, the amount and kind of inspecting 
necessary, are interacting factors affecting the work of inspection. In 
some cases the higher the degree of quality required, the greater the 
care and precision that must be exercised in inspecting the work. Each 
inspector inspects a smaller quantity of work. Consequently, the 
inspection organization must be larger. More skilled and consequently 
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higher priced inspectors may he required. In other cases, scientific 
developments resulting in improved and simplified instruments for 
quality control make it possible to increase greatly the quality of the 
product without increasing the cost of inspection. Not many years 
ago, the hardness of metal after heat treatment was determined by 
means of a file. Today, a more accurate determination of this attri- 
bute can be obtained with no more effort, by means of such instru- 
ments as the sceleroscope and the Brinnell testing machine. 

The character of the product affects the amount of inspection 
required. Some products are rough and crude, requiring little inspec- 
tion for the work-in-process or the finished product. Other products 
may require highly exact processing. Obviously, the latter case will 
require much more inspection than the former. A machine, composed 
of a number of parts, may be required to produce certain results with 
a high degree of accuracy. ‘Those parts which affect the functioning 
of the machine must be machined, in whole or in part, to certain exact 
dimensions within specified limits of deviation. The final assembly 
must be inspected to insure that it will produce the required results. 

The nature of the operations performed on a given component part 
affects the amount and kind of inspection that are required. Some 
operations may require only casual inspection for finish. It may not 
be necessary to inspect every component produced on such operations. 
Sampling methods may be satisfactory. If subsequent operations de- 
pend on the accuracy with which a given operation is performed and 
the proper functioning of other components of the mechanism depends 
on a highly accurate machining of the finished component, it may be 
necessary to inspect each component produced on the particular opera- 
tion, using highly accurate and sensitive instruments of comparison. 
Furthermore, operations differ in respect to the ease with which the 
quality of their output may be controlled. In some cases, the per- 
missible deviations from the exact dimensions of the component may 
he very small. A little wear in the tools, gauges, or the devices for 
holding the work may result in a large increase in the amount of 
nonstandard work. These holding devices may be complicated, making 
it difficult to keep them free from chips or other foreign elements. 
This, in turn, may make it difficult to seat the component in the device 
properly for correct machining. 

As noted previously, the authority of the inspection organization 
is a factor in the work of inspection. The inspection force 1s responsi- 
ble for the maintenance of quality standards. It must have the neces- 
sary authority to enforce these standards. 

The Major Types of Inspection. To control the quality of the product 
properly, inspection must be extended to all fields of productive activity 
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which directly or indirectly affect the quality of the product. The 
major types of inspection are (1) material inspection, (2) tool and 
equipment inspection, (3) process inspection, and (4) product inspec- 
tion. Two major factors, men and machines, have not been included. 
Undoubtedly there is a function of personnel inspection. IJowever, it 
is usually performed by the personnel department and the production 
executives in the normal course of their activities. The inspection of 
machines with a view to anticipating interferences to production due 
to breakdowns is one of the principal functions of the maintenance 
department. Similarly, the inspection of drawings and tracings 1s an 
important function of the engineering department. 

Some idea of the nature of these fields has been given. The 
quality of the product is affected by the quality of the materials that 
go into that product. Therefore their quality must be controlled by 
specifications, reinforced by inspection of all materials received into 
the plant. This inspection can be given best by a crew of trained inspec- 
tors under the supervision of the chief inspector. If the tools and the 
holding devices, known as jigs and fixtures in the metal-working indus- 
tries, are inaccurate, obviously the work produced by them will be 
inaccurate also. Therefore, they should be inspected by the inspection 
standards section before they are released to the shop. Similarly, if 
the gauges are inaccurate, they may pass work which is inaccurate and 
which may cause trouble later in processing or assembling. Gauges 
also should be checked hy the standards section. The necessity for 
product and process inspection has been discussed previously in suf- 
ficient detail. 

Methods of Inspection. There are two general methods of inspection 
—central inspection and floor inspection. With central inspection, all 
or part of the work of inspection is centralized at one point. This 
does not mean that there 1s only one central inspection point for the 
shop or even for a department, although in most cases there is but one 
central inspection point in a given department. TJowever, there may 
be more than one, located for convenience in serving the machines 
and operatives. Central inspection has certain advantages. It clearly 
separates inspection from production, facilitating the control of work 
When carried to its ultimate conclusion, all worked material in the 
department, not in process, is stored in the central inspection crib. 
When the employee finishes a batch of work it is delivered to the crib. 
The next batch of work for the employee, as indicated on his operation 
ticket, is issued to him, if it has passed inspection. Under such condi- 
tions, there is more assurance that the work will be processed in the 
proper order and in the proper condition. All work passes through 
the central crib after each operation, insuring that it will receive such 
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inspection as may be necessary before being moved to the next opera- 
tion. All batches not actually in process are stored in the crib, making 
possible a clean open shop, facilitating the performance of operations 
and the movement of work through the department. If the work is 
conveyed in standard, self-counting tote boxes, the number of boxes 
stored in the crib gives an approximate idea of the load of work ahead 
of the department. In most cases, the method of central inspection 
is not developed to this extent, for a number of reasons. Unless prop- 
erly worked out, it may mean greatly increased movement of work in 
the department. This increased movement may offset the advantages 
of completely centralized inspection when there is a continuous, quan- 
tity production of standard items of very low unit value, when the 
quality requirements are such that inspection after each operation is 
not necessary, when sampling inspection is sufficiently thorough, and 
when the size or weight of the item is great. In many cases, rearrange- 
ment of the equipment in the shop is necessary before central inspection 
can he introduced economically. Tlowever, central inspection may make 
possible econonies sufficient to justify such rearrangement. In addi- 
tion to those indicated above, it may be possible to employ less skilled 
and expensive inspectors without impairing the quality of inspection, 
inasmuch as the work of inspection 1s centralized and can be placed 
under the immediate supervision of a lighly skilled and experienced 
inspection foreman. Furthermore, the work of inventorying work-in- 
process, in plants which follow the practice of annual or semiannual 
inventories, 1s reduced and its accuracy increased. 

Iloor inspection has to do with the inspection of the work at the 
machine, It may be used to supplement central inspection in the case 
of work that cannot be brought economically into the central inspection 
crib. It may involve the close, accurate inspection of each piece pro- 
duced on a given operation or it may involve only a casual sampling 
of the work. Inasmuch as the floor inspectors work independently to 
a large extent and have greater personal responsibility, they may be 
paid more highly than the crib inspectors, depending on the nature of 
their work. 

Sampling. The method of sampling depends on the law of averages. 
Tt assumes that a relatively few pieces selected at random from a box 
of work will represent the box with sufficient accuracy. When stand- 
ard work is being produced in quantity it may be satisfactory, particu- 
larly when each piece has a low unit value and the operation does not 
need to be performed with a high degree of accuracy. In order to 
reinforce the results of sampling, the first and last pieces of a lot 
usually are inspected carefully. The foreman or a floor inspector 
may patrol the machines constantly, gauging the work from the ma- 
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chines at random, watching particular operations which may be more 
difficult to control than others. In some instances, work may not be 
inspected after each operation. When trouble develops, it is necessary 
to send a pilot piece through the operations subsequent to the last 
inspection, gauging the piece after each operation, until the source of 
the trouble is located. 

Deviations from Quality Standards. Three kinds of standards usually 
are recognized—theoretical, engineering, and manufacturing standards. 
The theoretical standard is an ideal. It represents the ultimate devel- 
opment of the product. It 1s the ideal for which the engineering 
department is striving. Jt may be unwise to attempt to approximate 
it at the moment because the present development of production 
methods may not permit its economical approximation. Competition 
may not permit its approximation because as yet the public has not 
been educated to demand such a highly developed product. Yet it 
may have some practical value in so far as it serves as a guide to the 
engineering department in its development of the product. The engi- 
neering standard is the exact standard that will give the best perform- 
ance in the present stage of the products development. In the case of 
the size and shape of a given part, this standard is represented by the 
exact dimensions for the part that appear on the engineering drawing. 
The manufacturing standard is a standard that can be attained con- 
tinuously and economically in production. It is the engineering stand- 
ard modified by the permissible deviations from it. It is not possible 
to attain the engineering standard exactly. In the case of highly accu- 
rate interchangeable metal parts, the pernutted deviations from the 
engineering standards of dimension may be as small as *0.00025”, 
in some instances. The size of the deviations depends on the nature 
of the work. 

In the manufacture of interchangeable metal parts, a terminology 
for indicating the extent and size of deviations from the engineering 
standards of dimension has been developed. The allowance is ‘‘the 
nunimum clearance space which is intended between mating parts. It 
represents the condition of the tightest permissible fit or the largest 
internal member mated with the smallest external member.”? In 
Fig. 52, the allowance for the mating parts, 1 and 2, is 0.001”. The 
tolerance is “the amount of variation permitted in the size of a part.’’? 
As shown, the tolerances for parts 1 and 2 are the same, 0.001”. The 
limits are “the extreme permissible dimensions of a part." In Fig. 
52, the limits of the diameter of the shaft are 1.250” and 1.249”. 


1 Tolerances, Allowances, and Gages for Metal Fits, by the American Engineering 
Standards Committee. 
2 Ibid. 
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In the manufacture of interchangeable metal parts, three classes of 
gauges are used in controlling the deviations from engineering stand- 
ards. They are (1) master gauges, (2) inspection gauges, and (3) 
working gauges. The master gauge is “one whose gauging dimensions 
represent as exactly as possible the physical dimensions of the compo- 
nent. It 1s the gauge to which all other gauges and all dimensions 
of manufactured material are finally checked or compared.’”’ The 
inspection gauges are those gauges used by the inspectors in deter- 
mining whether the work is within the permissible limits of deviation. 
The working gauges are those gauges used by the foremen, machine 
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adjusters, and in some cases the workmen, to check the work as it is 
produced. Inspection and working gauges will become inaccurate, after 
a certain amount of use, due to wear. When large quantities of work 
are being worked within close limits, the gauges may become inaccurate 
in a relatively short time. They may be taken, periodically, to the 
inspection standards section for checking. In addition, a few good 
and bad pieces may be checked against the master gauges occasionally. 
This may also give some check on the accuracy of the inspectors. 

Inspection Reports. A standard of quality is maintained at the price 
of constant vigilance on the part of the inspection organization. A 
necessary tool in watching the quality produced is a good system of 


1 Tolerances, Allowances, and Gages for Metal Fits, by the American Engineering 
Standards Committee. 
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An example of an inspection report is shown in 
and handling of inspection reports depends 
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inspection reports. Ml 
Fig. 49, The form, kind, | 
a’ 7 . = . ] ] 2 TI *\" are affected by the clas ee 
on the nature of the quality problem. ley are i ' aieei 
fication of worked material, which in turn ts affected by the nature of 
c e erie ; ; : 
the problem. Worked material may be classified as good work which 
‘s within the limits of deviation; seconds which are saleable but 
not as first-grade products and probably not under the company’s brand 
& » a = : 
name; shop repairs which are worked materials which can be reproc- 
essed and brought to standard by the employee who originally produced 


them: and salvage materials. Salvage materials may be classified by 
the salvage department as salvage repairs, material which can he re- 
claimed for its original or other uses, and scrap, material which must 
be sold as junk. The above classification is not universal, but fairly 
common, 

The Extent of Inspection. The extent of inspection also varies be- 
tween concerns with the nature of the quality problem. Mr. G. S. 
Radford states that “in the S. kK. F. Ball Bearing Company's plant at 
Hartford, where every operation is 100-per-cent inspection, 27 per cent 
of all the productive workers are employed in the inspection depart- 
ment.” * He also states that ‘the most extensive and complex use of 


inspection is desirable when: 


. The product demands frequent and thorough inspection, as when great 
accuracy is required. 

. When models are changed with frequency, as in a swiftly advancing art. 

. When labor is unskilled or rapidly changing. 

. When quality standards are being raised. 

. When considerable judgment must be used because standards are being 
shifted or have not been reduced to a definitely measurable basis.” 2 


1 The Control of Quality in Manufacturing, p. 142. 
2Jind., p. 173. 
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CHAPTER XIII 
TIME AND MOTION STUDY 


The Nature of Production Standards and Time Study. Standardiza- 
tion has been defined as the codification of the best current practice. 
Production standardization refers to the codification of the best current 
practice as related to the performance of processes. It implies not 
only the standardization of the best method of performing a given 
operation, but also the standardization of the conditions surrounding 
the operation which affect its performance. 

Time study has been defined as “a searching, scientific analysis of 

methods and equipment used or planned in doing a piece of work, the 
development in minute detail of the best manner of doing it, and the 
accurate determination of the time required."”’ The term operation 
refers to “any course or series of acts, performed either by one work- 
man or a group of workmen as a unit, which either adds one step to 
the complete process or constitutes in itself a complete process.” 
The Development of Time Study. Time study was originated hy 
Irederick W. Taylor at the Midvale Steel Company, in 1881. In his 
hook, Shop Management,’ Dr. Taylor says that while foreman of the 
machine shop, it occurred to him that “it was simpler to time with a 
stop watch each of the elements of the various kinds of work done in 
the place, and then find the quickest time in which each job could be 
done by summing up the total times of its components parts, than it 
was to search through the time records of former jobs and guess at 
the proper time and price.’ Irom the beginnings made by Dr. Taylor, 
the technique of production standardization by scientific analysis of 
the elements in a process has been developed by Sanford I. Thomp- 
son, Dwight Merrick, the Gilbreths, and many others, who directly or 
indirectly have come under Taylor's influence. 

Dr. Taylor placed great weight on time study as a factor in the 
development of better management methods. In his opinion time 
study for rate setting is the means to attain the fundamental objec- 
tives of management, high wages, and low labor costs. Furthermore, 
he believed that “the art of studying unit times 1s quite as important 


1 Management's Handbook, p. 799. 
2 Time Study and Joh Analysis, by W. QO. Lichtner, p. 155. 
3 Shop Management, p. 148. 
4 Shop Management, p. 46. 
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and as difficult as that of the draftsman. It should be undertaken 
seriously and looked upon as a profession.”’* 

The lack of knowledge of the employer, foreman, and workman 
regarding the proper methods which should be employed in a process, 
and the proper time which is required for performing it, are other 
factors which directed Taylor's attention to the necessity for develop- 
ing more scientific methods for determining these methods and times, 
and which led to the development of time study. He realized the un- 
reliability of past production records, including, as they must, consider- 
able waste time which has no direct relation to the workman's efforts. 
He knew from experience and observation that rates set by the guess 
of a foreman were decidedly unreliable, and often led to rate-cutting. 
He knew that production standards which the men at first felt were 
unattainable, were easily met after training in the proper methods. 
The Effect of Standards Development on the Organization. It was 
Taylor's experience, verified by others who have followed him, that 
the standardization of conditions of work, the improvement of equip- 
ment and methods, cause increased efficiency in the whole organiza- 
tion. Very often remarkable increases in production are made before 
any wage incentives are offered. While such work brings large re- 
turns, it requires large expenditures, often for a considerable time 
before these returns become apparent. It may be necessary to study, 
change, and standardize, at considerable expense, such items as gear 
ratios, belts and belt tensions, lighting and ventilation, material- 
handling equipment, and a multitude of other details which affect the 
processing of work. During the period when this expense is being 
incurred without corresponding returns, the rank and file of the or- 
ganization may become openly skeptical. The management becomes 
discouraged. The board of directors insists that immediate results be 
forthcoming. Jt 1s the period during which plans for the develop- 
ment of modern management methods, which ultimately would bring 
large returns, are either abandoned or the preliminary work of stand- 
ardization is seriously curtailed. Such curtailment is most unfortunate 
inasmuch as this preliminary standardization establishes a firm founda- 
tion on which the subsequent time-study work rests. If the conditions 
surrounding the job vary, the production that can be obtained on a 
given job will tend to vary as a result. The extent of the variation 
depends in large measure on the manner and extent of the variations 
in these conditions. 

When results hegin to flow from the preliminary work of stand- 
ardization, there is some danger that the organization will swing from 
one extreme to the other. Some increase in production is being 


? Thid., p. 149. 
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obtained without much extra effort on the part of the employee, and 
as a result there is little or no opposition from the working force. 
Probably the development of standards and better methods has been 
proceeding in other phases of management. With these developments 
comes a reduction in the number of annoying interruptions to the 
normal routine of management, which in itself tends to improve the 
personnel situation. The organization begins to see the possibilities in 
the development of production standards and modern management 
methods, The reaction from the previous attitude may be such that 
the management, in its enthusiasm, may wish to have the work proceed 
rapidly and may authorize the expenditure of large sums to speed up 
the work. Because the development is being unduly forced, the money 
does not bring the returns that were anticipated. There is danger that 
grave mistakes in policy, method, or installation may be made. The 
development work becomes a revolution rather than an evolution. 
Jecause of the unsatisfactory conditions which follow, there again is 
danger that the development work will be abandoned. Only when 
production standards are developed thoroughly in a manner which 
approaches a natural evolution, can we hope to get the best perma- 
nent results. 

The Effect of Production Standards on the Worker. After the con- 
ditions surrounding the job and the operation method have been 
standardized, the effectiveness of production standards depends on the 
attitude of the worker, his ability and training, the incentive to meet 
the production standards, fatigue, the quality and quantity of the 
work, the attitude of the management and other factors. If the attitude 
of the worker is one of suspicion rather than of interested coopera- 
tion, the effect of production standards may be to make him sullen and 
disgruntled. If the development work is properly handled, this effect 
should only be temporary. To a large extent it may be the reflection 
of the attitude of the foreman and the minor executives immediately 
above him. If they have not been entirely sold on the desirability 
of developing production standards and better management methods, 
they are apt to be skeptical and even antagonistic. It is only natural 
that the worker should reflect the attitude of his superior. Further- 
more, the worker's attitude is intimately related to the question of 
training and natural ability. The new method which has been devel- 
oped for a particular operation may be quite different from the old 
method. It is probable that the standard of production 1s considerably 
higher. To master the new method and attain the standard of produc- 
tion, the worker must establish new thought habits, which involves 
unaccustomed concentration and mental effort that is seldom welcomed 
by the average shop employee. With proper training, it 1s usually 
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possible for the average employee to master the new method within a 
relatively short time. Without such training, it may be difficult, re- 
quiring a much longer time, and in some instances it may be almost 
impossible. Obviously, the standard of quality will affect the ease 
with which he masters the new method, and therefore is a factor 
which will affect his attitude. The attitude of the worker 1s important 
because without his interested cooperation it is difficult to operate and 
maintain a system of production standards. Furthermore, when we 
have gained this interest, a great many of the suggestions for the 
improvement of the operation will come from the workman. 

The incentive to attain the production standard is important. 
Under ordinary shop conditions and modern methods of wage payment 
in proportion to production, the worker usually is paid a premium 
which represents a substantial increase over ordinary day wages. Once 
a few workers in a shop begin to earn premium wages regularly, the 
attitude of the other workers probably will change quickly to one of 
interested cooperation. There are many instances where the workers 
have requested that their jobs be time-studied and placed on a premium 
basis. 

Fatigue is a factor which affects both the success of the production 
standards and the attitude of the worker. ‘The production standard 
should not be so high that the fatigue poisons of one day's work are 
not eliminated from the worker's system before the next, resulting in 
cumulative fatigue. The workman is justified in protesting against 
such standards which must result in injury to his health. The reduc- 
tion of industrial fatigue and the determination of proper fatigue 
allowances for use in setting production standards is a big problem 
in itself. 

Some people still labor under the misapprehension that production 
standards, with wage incentives, get greater production from the 
worker by speeding him up. Production standards do not imply the 
expenditure of greater energy on the part of the worker, but a more 
effective expenditure. Where standards are properly set, the danger 
that the worker's health will be impaired as a result of speeding up is 
not considerable. The increased production comes from three sources 
—iniproved methods, improved conditions, and the greater application 
of the operative to the job. 

Other objections which have been raised to production standards 
are that they tend to automatize the worker, kill his initiative, and 
reduce him to a mere cog in a vast machine, effects that are socially 
undesirable. While these results occur to some extent, they are more 
than outweighed by the numerous benefits to the worker which result 
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from production standards. Unfortunately, the scope of this book 
does not permit their discussion. 

The Phases in Determining Production Standards. The work of 
determining production standards can be broken down into four 
phases : 


(1) The standardization of conditions surrounding the work and affecting its 
performance. 


(2) The observation of the operation and the recording of data relating to its 
performance. 


(3) The analysis of the data and the determination of the standard. 
(4) The application of the standard. 


The preliminary work of standardization has been discussed 
previously. 

The observation of the operation is the phase of time-study work 
that is usually associated in the mind of the average person with the 
determination of production standards. However, it is only one of 
the important steps in the work. It has to do with collecting the data 
from which the standard is derived. The operation is broken down 
into its elements. The time required for performing each element 
is then recorded with the aid of a stop watch. Any conditions directly 
or indirectly affecting the operation are noted. 

The data are then analyzed to determine their character and qual- 
ity. The time required for the performance of cach element is deter- 
mined. To the total of these elementary times various allowances for 
fatigue, personal needs, and other necessities are added. 

The resulting standard must then be applied in the shop. This 
involves securing the confidence of the workmen, training them in 
the new methods, and other problems which require all of the tact and 
ability which‘the time-study analyst has at his command. 

We have previously defined an operation as any course or series 
of acts, performed either by one workman or a group of workmen as 
a unit, which either adds one step to the conmiplete process or in itself 
constitutes a complete process. In the above discussion, an elementary 
operation is any division or sub-division of an operation which corre- 
sponds to an individual motion and which has definite points of start- 
ing and stopping. 

The Equipment of the Time-study Analyst. The equipment of the 
time-study analyst includes the stop-watch, time-study board, time- 
study sheet, and slide rule. The type of stop-watch that is usually 
used in time-study work is shown in Plate 16. The face of the watch 
is graduated in hundredths of a minute. The small dial is graduated 
in minutes so that the duration of elements whose time is less than 
thirty minutes can be read directly from the watch. The watch 1s 
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started by sliding the side plug up. If for any reason it is desirable 
to stop out time, the watch can be stopped by sliding the side plug 
down. When it is desired to start timing again, the watch can be 
started, without returning the hands to zero, by sliding the side plug 
up once more. When the timing has been completed, the ue plug 
is pulled down and the hands snapped hack to zero hy pressing the 
crown. In addition to the type shown, there are various types of 
split-hand and duration-computing stop-watches. | 

Because it may be necessary to record a considerable amount of 
data in a short space of time, some orderly arrangement for record- 
ing the data in a manner that will facilitate their being worked up by 
the analyst after he has returned to his office, is desirable. Time-study 
sheets vary somewhat with each concern, depending on the method of 
time study in use, and the ideas of the time-study analyst in charge 
of the work. Fig. 53 shows one form of time-study sheet. The study 
is one of a stitching operation in a shoe factory. The complete cycle 
of elementary operations is the sum of “a,” “b,” “c,"’ and ‘‘d.”” The time 
required for the operations, “Tie up case,” ‘‘Record case no.,” “Open 
work,’ and ‘Get machine ready,” is a constant for each case regardless 
of the number of pairs therein. The “y,” or necessary delay time, is 
finally applied as a per cent of the total net times, “a,"’ “‘b,” “‘c,” ‘d,” 
and “t.” The foreman of the department inspects each case studied 
and passes on the quality of the work. 

In taking a time study, the time-study analyst usually stands to 
the rear and left of the workman in order that he may not be in the 
workman's field of vision. If{ he were to stand in front of him, the 
analyst would be an influence tending to distract the worker's atten- 
tion from the job, and in some instances to make him nervous and 
ill at ease. This nervousness might decrease the reliability of the re- 
sults. The time-study board is constructed so that the stop-watch 
may be hung in the upper right-hand corner. It is held on the analyst's 
left forearm. Ile stands to the rear and left of the workman in such 
a position that the piece of work, the stop-watch, and the time-study 
sheet are in a straight line. 

The analyst should be able to use a slide rule because of the great 

amount of data which must be computed. 
Classes of Time Studies. Time studies may be classified according to 
the manner in which they are made and the type of work to which 
they are adapted. A convenient classification is (1) operation studies, 
(2) machine studies, and (3) job studies. 

An operation study is one in which the elements of the operation 
are analyzed and studied for the purpose of determining a production 
standard for that particular operation. Inasmuch as the standard is 
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chiefly of value in connection with that operation, the operation study 
has its greatest use in connection with the manufacture of standard 
products in large quantities, the operations remaining unchanged for 
considerable periods of time. Probably the majority of time studies 
are of this kind. 

A. machine study is one in which the fundamental operations per- 
formed on a given type of machine are analyzed and studied with a 
view to determining the time relations governing these operations. 
The standard for a particular operation performed on this type of 
machine is determined by summing up the times required for the per- 
formance of these fundamental elements in the operation plus the time 
required for machining and any allowances which may be necessary. 
While it is not as accurate as the operation study, the machine study 
is the most economical and satisfactory for work done in relatively 
small quantities, which uses certain specific types of machines, but 
has operations which vary somewhat with cach job, although the 
general characteristics of the operations are similar. 

A job study is one which is concerned chiefly with the analysis 

and study of the fundamental operations performed on a given class 
of work. In other respects, the method of attack is similar to that 
of the machine study. 
Standardizing Conditions. The importance of the preliminary work 
of standardization has already been stressed. ‘The purpose of this 
preliminary work is to survey the job and the conditions surrounding 
it, and to improve these conditions wherever possible in order that the 
workman and the machine may produce to the best advantage. The 
principal factors which affect the production standard are 


(1) Material. 

(2) Equipment. 

(3) Quality of the product. 

(4) Method of operation. 

(5) The conditions surrounding the job, such as light, heat and ventilation. 
(6) Methods and equipment for transporting materials and product. 

(7) The workman. 


The preliminary work is concerned chiefly with the first six of these 
factors. Tlowever, it affects materially the workman and his ability 
to produce. He is affected more directly by the work of time study 
and the application of the standards. Space will not permit any con- 
siderable discussion of these factors in connection with the preliminary 
standardization. Nevertheless, its importance will be realized when 
it is considered that variations in any one of many factors, such as 
the hardness of materials, may seriously depreciate the value of the 
standard. If a lot of material is processed, which is harder than 
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the material used when the time studies were made, it is probable that 
the time actually required for processing a given operation will be 
greater than the standard time. There is greater probability of tool 
breakage. The quality of the finish may be affected adversely. Stand- 
ard conditions must be secured before production standards can be 
determined which can be recommended to the shop confidently as fair 
criteria for quantities produced. In addition to the above, the analyst 
may find it necessary to study other factors such as cost records, 
production records, wage rates, and other sources of information 
which will aid in determining the production standards. 

The preliminary standardization may result in considerable savings 
from improved use and handling of materials, changes in machines, 
their locations, their mechanical parts and auxiliary equipment, and 
improved methods of processing the product. W. O. Lichtner? gives 
an interesting illustration of such savings in connection with the opera- 
tion of cutting leather hides and furs for use in making overcvats. 
Before the operation was studied, it had not been considered possible 
to standardize the operation because each pelt was of a different shape 
and size and had various imperfections. A study of the operation 
showed that the experienced cutter always used the same general 
method for getting the greatest quantity of parts out of a given skin, 
although in most cases he did not realize it. It was found possible to 
standardize the operation and to obtain a more economical use of the 
pelts. Furthermore, the time required for training new cutters was 
considerably reduced. It is stated that the saving which resulted 
from this particular standardization was approximately $16,000 per 
year. 

The Approach to the Time Study. The time-study analyst can accom- 
plish the best results only when he has the cooperation of the organiza- 
tion. His success depends to a large extent on his ability to educate 
the organization to cooperate. This includes the executive staff, from 
the general manager to the foreman, and the employee. Usually, little 
or no attempt to interest the employee is made until the preliminary 
standardization has been carried to the point where it begins to show 
results. These results, in themselves, will tend to interest the employee 
and to secure his cooperation. Furthermore, if the executive organiza- 
tion is convinced of the desirability of developing production stand- 
ards, there will be little difficulty in securing the interest and 
cooperation of the employee in most cases. The attitude of the 
department foreman is often the attitude of the employee. Similarly, 
the attitude of the foreman is often determined by the attitude of the 
executives above him. The cooperation of the executive organization 


1 Time Study and Job Analysis, by W. O. Lichtner, p. 50. 
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is necessary from the start, for without it little can be done to stand- 
ardize conditions and methods. The better control of operations 
which is possible with accurate production standards, the increased 
production which results from the standardization of the physical 
factors affecting the job, the improved morale of the working force 
which results from a well-planned wage-payment system based on 
accurate production standards, the increased production which results 
from this improved morale and the wage incentives for increased 
production, the increased production resulting from a careful analysis 
of operations and the development of better methods of performing 
them, are some of the facts which may be used to interest the foreman 
and the organization in the desirability of developing accurate produc- 
tion standards. 

It is desirable that some tangible results be shown as soon as 
possible because of their salutary effect on the organization. In this 
connection the choice of the department in which the work shall be 
started is important. A department in which the foreman is interested 
and desirous of cooperating, where the work 1s more susceptible to 
time study, and where there is an opportunity for quick returns, ob- 
viously is the ideal department in which to start the work. Before 
the work is started, it should be discussed with the foreman of the 
department in order that his attitude can be determined, the work 
explained to him, and his interest aroused. He should be approached 
by the head of the production organization preferably, because of the 
weight which his opinion has with the organization. If necessary, 
the time-study analyst can supplement in detail any explanations which 
this executive may give. Probably it may be necessary to assure the 
foreman that his position and authority in his department will not 
be affected adversely, that there will be no serious interference with 
production while the studies are being made, that a system of wage 
payment in proportion to production, based on accurate production 
standards, does not necessarily diminish the quality of the work, but, 
on the contrary, may increase it if it is properly handled, or to give 
other assurances of a similar nature. It should be pointed out that if 
increased production results from the work, his prestige in the organi- 
zation will be enhanced. 

After the preliminary standardization has been completed, the 
choice of the workman who is to be studied first is important. If the 
employee objects to being time-studied, there are many ways in which 
he can soldier and make the work difficult. THe should be chosen with 
the advice and consent of the foreman. It is desirable to select a 
skilled workman, but not necessarily the most skilled workman in 
the department. Sometimes we find a man who is unusually gifted. 
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A standard based on his performance might be so high that the average 
workman could not attain it even with considerable training. Mr. 
Lichtner gives the following reasons for using a skilled employee: ? 


(1) His motions are more uniform. 

(2) He works more steadily. 

(3) He probably will use the best methods. 

(4) He probably will adapt himself more readily to the new methods. 

(5) The influence of the personal equation is less pronounced. 

(6) For these reasons, the results obtained by a time study of a skilled employee 
probably will be more dependable. 


Motion Study. Motion study refers specifically to the study of the 
employee's movements involved in performing the elementary opera- 
tions. An analytical study of these elementary operations, with regard 
to the method of performing them and their relation to one another, 
and the character of the motions which the employee must make in 
performing them, should be made before the work of taking times 
is started. An analytical record of the present method should be made. 
This record should be studied to determine the correct practice. As a 
result of this study it may be necessary to change the order in which 
the elements are performed. If the worker is performing unnecessary 
movements, these must be climinated. The study may show that 
changes in fixtures, the manner of storing the work at the machine 
or other changes, can be made profitably. Such changes must be 
made before the analyst starts to take times. Fig. 54 illustrates a 
form of analytical record for use in making a motion study. 

The technique which we have described briefly should not be con- 

fused with what is called micro-motion study. While the same funda- 
mental principles govern the study of the correct motions by either 
method, the technique of micro-motion is quite different and the more 
scientific. 
Taking the Time Study. As previously discussed, the analyst records 
what 1s being done. The operation is broken down into its elementary 
operations. These elements are studied with a view to improving the 
manner in which they are performed. Then the time required for 
the performance of each element, as shown by the stop-watch on his 
study board, 1s recorded. 

In selecting the elementary operations, as few motions should be 
included in each one as possible. Tf an element includes too many, 
it may be difficult to determine the causes of variations in the elapsed 
times for the element. Tf possible, the elementary operation should 
include only one motion with definite points of starting and stopping. 
However, this is not always possible, as the elapsed time for certain 


17ime Study and Job Analysis, W. O. Lichtner, p. 154. 
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elements may be so short that it is difficult to time them accurately 
unless the analyst has great skill. 

Mr. Dwight Merrick has developed a method which is interesting 
because of his statistical treatment of the elementary times.’ The 
principles on which it is based are those underlying most successful 
methods. Fig. 55 illustrates a Merrick time-study sheet. After the 
operation has been analyzed into its elements, the elementary opera- 
tions are listed in sequence at the left of the time-study sheet as shown. 
The stop-watch is started as the study begins, and runs continuously 





Operation No. Dept. No. location Poreman 


No. | Zlement | Left Hand | Both Hande {| Right Hana | Posture | Remarke 


FIG. 54 
A Motion Stupy SHEET 


throughout the whole study. Jfach vertical numbered column contains 
a complete set of observations for the elements in the operation. ‘The 
analyst must determine in his mind the exact point at which each 
element is completed, and the reading for that element recorded. The 
reading for the element must always be taken at that point. Otherwise, 
a variation in the readings is introduced which is a source of error. 
As the workman completes an elementary operation, the analyst's eye 
drops from the work to the stop-watch, noting the time, and thence to 
the time-study sheet on which the reading is recorded. The experi- 
enced time-study analyst can make and record these observations with 
remarkable speed and accuracy. 

Some analysts time each element separately, a method known as 

1 Time Study for Rate Setting, by Dwight V. Merrick. 
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the repetitive method. Time-study experts, for the most part, favor 
continuous readings, for the reason that it is difficult to start and stop 
the watch exactly at the beginning and end of an elementary opera- 
tion. A certain time must elapse between the reaction of the analyst 
to the movements of the machine or the workman, and his movement 
of the side plug to start or stop the watch. ‘The repetitive method 
tends to waste the analyst's time, as he must wait for the same ele- 
mentary operation to appear again in the cycle or he must time the 
elements out of sequence. Furthermore, the times for the elementary 
operations depend on one another to a considerable extent. The work- 
man may unconsciously speed up on one element of the operation. 
If he does, it is probable that unconsciously he will slow down on 
the following element. In addition, the analyst may not observe an 
element exactly when it is completed. Tf this is the case the time for 
the element may be greater than it should be, and that of the succeed- 
ing element smaller. In some instances, the situation may be reversed. 
If the method of repetitive timing is used, these errors are not dis- 
covered readily. J*urthermore, the continuous method gives a con- 
tinuous record of all time within the period of the study. 

The reading for cach element is recorded opposite it, in the column 
for the particular set of readings which is being taken. The number 
of sets of readings which must be taken depends on the nature of the 
operation, If a number of irregular variables enter into the operation, 
obviously the study must continue for a longer time and more studies 
must be taken than if the operation is composed of a small number of 
short, regular elements. 

After sufficient observations have been taken, the elapsed time for 
each element is computed by subtracting the recorded time for the 
preceding clement from the recorded time for the element. ‘The elapsed 
time is entered on the study sheet above the recorded time, as shown 
in Fig. 55. 

The conditions immediately affecting the performance of the opera- 

tion should be recorded on the reverse of the study sheet before the 
analyst begins to take times. 
Methods of Taking Elementary Times. There are five stop-watch 
methods of taking elementary times. These are the continuous method, 
the repetitive method, the overall method, the accumulative method, 
and the cycle method. 

The advantages and disadvantages of the first two methods have 
been discussed sufficiently in the preceding section. 

In the overall method, time is recorded only for the operation as a 
whole. As no account is taken of elementary times, it is difficult to 
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determine the location and causes of variations in operation times. 
This method is not used except for checking time studies. 

In some instances, the elementary operations will occur with such 
rapidity that it is difficult for a skilled analyst to observe them accu- 
rately. In such cases, either the accumulative or the cycle method 
must be used. 

With the accumulative method, the analyst uses two or more stop- 
watches. Lach watch is reserved for an element. With the begin- 
ning of the first element, the first watch is started. With the beginning 
of the second element, the second watch is started and the first watch 
is stopped simultaneously. This procedure is continued until readings 
on all the watches have been obtained. The time shown on the watches 
is then entered on the time-study sheet. The process is continued until 
sufficient readings for all of the elements have been obtained. A 
skilled analyst can get accurate readings of fast elements by this 
method. 

With the cycle method, the analyst takes overall times of all of the 
elements in the operation less one. The watch runs continuously 
throughout the study. The time for cach element is then computed 
hy means of simultaneous equations. To illustrate, suppose that there 
are five elements in an operation. By the eycle method, their values 
would be determined as follows : 


(1) at b+ c+ d+ — = .084 min. 
(2) + b+ c+ d+ e= 093 & 
(3) at + c+ d+ c= .087 & 
(4) a+ b+ + d+ e=.089 ¢ 
(5) at b+ c+ + c= 079 & 
(6) 4a4+ 4+ 4¢4 444 4c = .432 min. 
(7) a+ b+ c+ d+ c=.108 


K‘liminating against equation (7) to get the time for any one 
element, 


ath+tce+d+e= .108 min. 
-at+ t+etdaie= 087 * 


(8) b = 021 min. 


Because of the greater time which clapses hetween readings, the 
average analyst can record continuous time with sufficient accuracy.’ 
Analyzing Studies and Setting Standards. When sufficient data have 
heen obtained, it must receive further analysis and studv in the time- 
study office before the production standard can he determined. This 


1See Time Study and Job Analysis, by W. O. Lichtner, p. 165, for a more complete 
discussion. 
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phase of the work is quite as important, and requires as much, if not 
more, judgment and experience, than the work of taking times. 
Usually it is done under the supervision of an analyst of considerable 
skill and experience. 

Three phases of the work of analysis can be distinguished. These 
are, (1) the analysis of the data, (2) the determination of the stand- 
ard, (3) the classification and codification of the time-study data for 
future use in setting standards. 

The elapsed times for each elementary operation must be com- 
puted if such computations have not been made during the course of 
the observations. These readings must be studied to determine their 
character and value. Unusual readings are eliminated. It will be 
noticed in Fig. 55 that certain elapsed times for some of the elements 
have been crossed out. The elapsed time for the element, “place in 
jaws and tighten,” in column one, line two, has been marked out be- 
cause obviously it is too high. Perhaps the worker unconsciously 
slowed down or the analyst made an error in observing the time. The 
elimination of values which are either too high or too low is a matter 
for the judgment and experience of the observer. 

Abnormal values should be eliminated because otherwise an error 
is introduced, and as a result the final standard may be unfair either 
to the workman or to the company. The extent of such unfairness, 
of course, will depend on the degree of the error. The inattention of 
the operator, observational errors of the analyst, slight variations in 
the operative’s method of performing the element, unconscious but 
appreciable changes in the operative’s rate of production, irregular 
variables affecting the performance of an element, and many other 
factors, may cause abnormal elementary time values. In the case of 
irregular variables, the analyst should star on the study sheet the ob- 
servation in which it occurs, note the nature of the variable, together 
with the time of starting and ending of the occurrence. Mr. Merrick 
feels that, in general, “minimum or maximum isolated items 25 per 
cent less or 30 per cent greater” than adjacent values should he 
eliminated.” However, the judgment of the observer is influenced 
by the importance of the element which is affected. As Mr. Lichtner 
points out, if the element constitutes 80 per cent of the total cycle time, 
the effect of abnormal values of that element may be very important. 
If it constitutes only 8 per cent of the total cycle time, the effect of 
such values may be relatively unimportant.” He states that in cases 
where the elements are nonrepetitive, or depend on factors which are 
in themselves variable to some degree and are not under the direct 


1 Time Studies for Rate Setting, by Dwight V. Merrick, p. 13.1 
2 Time Study and Job Analysis, by W. O. Lichtner, p. 195. 
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control of the worker, or the elements occur in connection with group 
work, it may be advisable to retain abnormal values. 

In addition to eliminating abnormal values, the operation method 
should again be studied to make certain that the best method is being 
used. In this connection, it is often profitable to study the nature and 
manner of variation of any variable factors which may have been dis- 
closed by the study. Changes in the machine or the method of per- 
forming the operation may make it possible to eliminate these variables 
entirely. For example, in the operation of an automatic machine 
with a magazine feed, the material may clog in the feed pipe occa- 
sionally. Production stops until the operator loosens the material in 
the pipe and it starts to feed again. It may be possible, by some slight 
change in the design of the feed pipe, to eliminate this interference 
entirely. 

When the data have been analyzed, the values for each element 
which are retained in the study are averaged. In the Merrick method, 
the minimum value for each clement is selected. The average time 
for the element divided by this minimum time gives what is called 
the deviation factor. Referring again to Fig. 55, it will be seen that 
the average time for the element, “place in jaws and tighten,” is 0.0579 
minutes. The minimum time is 0.04 minutes. The deviation factor 
is 1.45. When deviation factors have been determined for all ele- 
ments, they are averaged. Then the average time for each element 
is divided by the average deviation factor to get what are called the 
minimum selected element times. In the above case, the average devia- 
tion factor is 1.28. The average time 0.0579 divided by 1.28 gives a 
minimum selected time of 0.0452 minutes. Obviously, the minimum 
selected time more nearly represents the best effort that the operator is 
capable of making, rather than performance that can be sustained 
steadily throughout the working period without resulting in cumulative 
fatigue. Mr. Merrick believes that the use of the deviation factor is 
desirable because: (1) it aids in developing better methods. Those 
elements which have the greatest deviation factors usually offer the 
greatest opportunity for improvement; (2) The minimum selected 
times usually agree better than the average times im comparisons be- 
tween the performance of good and average operators. Tle states that 
the normal range of the average deviation factor is between 1.20 and 
1.30; (3) The deviation factor gives an approximate check on the 
allowance necessary to cover variations within the operation itself. 

As opposed to the above method, a number of prominent manage- 
ment consultants base their standards on the average, median, or most 
frequent element values, abnormal times having been eliminated previ- 
ously, but without any statistical correction such as has been described. 
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Production standards, based on such average times, are used success- 
fully in a great many industries. Mr. Lichtner analyzes the studies 
on skilled, average, and unskilled workers to determine the correction 
which should be made to a study on an unskilled worker to reduce it 
to a basis which is comparable with a study of the same operation made 
on a skilled worker.’ 

While the work of analysis is extremely important, space will only 
permit us to indicate its nature and to emphasize its importance. 

When the values for the elements have been determined, certain 
allowances must be made to cover necessary variable operations, fa- 
tigue, and personal needs. Whether minimum selected times or 
average element times are used, some additional time must be allowed, 
for the reason that all unnecessary time, for whatever reason, usually 
is eliminated in determining them. Obviously, 1f the sum of the times 
which were finally determined for each element were used as the 
production standard, the average workman could not reach and sustain 
such a high rate of production without endangering his health. The 
amount of the allowance will depend on a number of conditions which 
will be discussed later. It is sufficient to point out that different time- 
study methods require different allowances for the same job, per- 
formed under the same conditions. If we were to use minimum 
selected element times, the allowance would be one thing. If we were 
to use average element times, the allowance would be something dif- 
ferent. 

The production standard, expressed in terms of time, consists of the 
sum of the element times which have finally been determined as the 
hasis of the standard, plus a certain percentage for necessary variable 
operations, plus a certain percentage for fatigue, plus a certain per- 
centage for personal needs, changing time tickets, etc. This standard 
may be expressed as a time per piece or other physical unit. As pre- 
viously stated, it should be expressed in units of time, rather than 
moncy, because such units do not change in value. 

The final phase of the work is the classification and codification of 
the time-study data. In many cases this work is so important that it 
niay be considered to be a distinct division of the work of time study. 
One of the objectives of the time-study section is to reach a position 
where the taking of operation studies will rarely be necessary. In the 
average shop a great many different operations are being performed. 
However, analysis of these operations will usually show that the ele- 
mentary operations can be classified according to a relatively few 


1 Mr. Lichtner’s technique for taking times and analyzing studies is quite different 
from Mr. Merrick’s. His methods have been used successfully in different industries. 
: he student will he well repaid for reading his book entitled Time Study and Job An- 
alysis. 
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fundamental types. Combinations of these fundamental types make 
up the innumerable operations performed in the shop. When finally 
worked up, the data for the elementary operations should be classified 
and filed according to these fundamental types. Where possible graphs 
or formule should be worked up by which the time required for the 
performance of each fundamental type can be determined for each 
style, type, or model of product or machine. Such classification natu- 
rally shades into the fields of job study and machine study, which will 
be considered later. To illustrate, Mr. Merrick has found that in most 
mietal-working establishments the elementary operations can be classi- 
fied according to twelve fundamental types. These are: 


(1) Preparing the machine for the work from a normal position. 

(2) Landing the work in the machine or in place. 

(3) Squaring and leveling the work to run truce. 

(4) Clamping and otherwise holding the work in place. 

(5) Setting the tools for the cuts. 

(6) Manipulating the machine to start a cut. 

(7) Machining. 

(8) Manipulating the machine at the end of a cut. (Reverse of 6.) 

(9) Removing tools after completion of cuts. (Reverse of 5.) 
(10) Loosening and removing clamps, etc. (Reverse of 4.) 
(11) Removing work, returning it to its original position. (Reverse of 2.) 
(12) Restoring the work place to its normal condition. (Reverse of 1.), 


Eventually, when sufficient time-study data have been collected, it 
should be possible to set sufficiently accurate production standards for 
most new work coming into the shop, without actually making opera- 
tion studies. 

Applying the Standards. The effectiveness with which the production 
standards can be applied in the shop depends to a large extent on the 
thoroughness with which the preceding work has been done. If the 
standard has not been determined carefully and accurately, it may be 
necessary to make adjustments after it has been put into use. Whether 
the adjustment be in favor of the workman or the company, his confi- 
dence in the ability of the time-study section is weakened somewhat, 
and the difficulty of applying future standards is increased as a result. 

The application of the standards can be divided into three steps— 
(1) the writing of definite instructions covering the method of per- 
forming the operation; (2) instruction in this method; and (3) check- 
ing the results of the standards. 

The instrument which conveys to the shop the correct method of 
performing the operation is called the instruction card. It furnishes 
a permanent record of the correct method of performing the operation. 
In this connection, it has the function of a standard practice in that it 
tends to eliminate misunderstandings regarding the correct method, 
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and unauthorized changes in this method. It is a convenient record 
for determining the worker's efficiency, and the proper payment for 
increased production. It is a guide for the worker in the proper per- 
formance of the operation, and for his instructor in training him to 
meet the standard of production. It is a convenient record of the 
conditions surrounding the job, under which the standard was set. 
The information on the instruction card can be classified into three 
groups—general information, information relating to conditions of 
the job affecting its performance, and the method of performing the 
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operation, Under general information comes such items as part num- 
ber, part name, operation number, drawing number, possibly the base 
rate for the operation, and similar data. Under conditions of the job, 
come such items as the name and description of the material, name 
and drawing number of any jigs, fixtures, or gauges to be used, the 
speeds and feeds at which the machine is to be run, a sketch of the 
piece showing the cut and the relation of the tools and holding devices, 
and other conditions which directly affect the performance of the opera- 
tion. Under the operation method come such items as the list of the 
elementary operations, the standard time for each element, the allow- 
ances to the base time for the operation, per unit of product. Very 
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often a copy of the instruction card is kept in the shop office or the 
shop tool cage, and is issued to the workman with his work ticket or 
his tools for the job. Fig. 58 is an example of an instruction card. 

In a great many cases, the best results from production standards 
will not be obtained if the workman is merely given an instruction 
card for his operation and is left to work out his salvation. The 
standard was set on the basis of the performance of a skilled operative. 
Possibly the sequence or the character of the elementary operations was 
changed. The workman must establish new thought habits. He must 
pass through a learning period which is apt to be trying until he has 
mastered the new method. Ile may try conscientiously for a consid- 
erable time without being able to meet the standard of production. 
Unless he receives instruction and encouragement from the analyst, he 
may become discouraged and quit. Often the analyst can clock the 
workimnan and locate the elements which are not being performed within 
the standard time. A little instruction in the performance of these 
elements may enable the workman to meet the production standard 
regularly. Once a few men are meeting them, the other men in the 
shop have greater confidence in the standards and will be more willing 
to attempt to meet them. One of the biggest savings from production 
standards sometimes comes from the increased skill and efficiency of 
the workmen, aside from any increased application to their work in- 
duced by a wage incentive. 

To prevent deterioration of the standards and to discover those 
men who need additional instruction, the standards should be checked 
frequently. Some time-study departments regularly keep efficiency 
records for each workman in the shop. 

When the men are performing the operation regularly within the 

standard time, we have completed an operation study and have applied 
it successfully in the shop. 
Machine Studies. We have previously defined a machine study as 
one which is concerned chiefly with the analysis and study of the 
fundamental operations performed on a given type of machine, and 
the determination of the time relations governing these operations. 

In most cases, considerably more preliminary investigation and 
analysis is necessary before standards can be set as a result of machine 
studies than is necessary before they can be set as a result of operation 
studies. After the necessary data have been collected, standards can 
be set more cheaply by means of machine studies. The standard de- 
veloped as a result of an operation study applies only to that operation. 
It may be the more economical if the operation is standard and is 
performed on a standard part, manufactured continuously in quantity. 
Production standards for a wide range of operations performed on a 
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given class of machine may be set on the basis of the data gathered 
as the result of a machine study. The machine study is adapted to 
the needs of those industries which manufacture a line within which 
the product is subject to variations due to the demands of the customer. 
The fabrication of steel freight cars is an example of this. The com- 
pany may specialize in the manufacture of stecl freight cars, but the 
designs of the different railroad companies are constantly changing. 
However, the same types of machines are constantly used, and the 
fundamental operations performed on these machines do not change. 
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In most cases, a greater ability will be required to make satisfactory 
machine studies than will be required to make operation studies. ‘The 
results will be better if the analyst has had considerable skill both in 
the operation of the type of machines which are being studied and in 
setting standards for them. Ile is better able to determine the manner 
in which the fundamental operations vary with different kinds of work. 
In the development of graphs and formule covering these variations, 
the analyst must exercise more than ordinary common-sense and 
analytical powers. 

Briefly, the method of making machine studies consists, first, in 
making a study of the particular class of machine to determine what 
are these fundamental operations. Tach fundamental operation 1s 
broken down into elementary operations and is the basis of operation 
studies. In making such studies, all observations are based on the 
normal position of the machine or the workman. In general, the 
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normal position is the usual position of the machine or the workman 
before it is set up for the operation. Each fundamental operation 
is studied under as wide a range of conditions as possible to deterniine 
the manner in which it varies. The data are set up in the form of 
charts or tables. When a standard must be set for a particular opera- 
tion on a new job, the fundamental machine operations, and the condi- 
tions under which they will be performed, are determined. The time 
values to be allowed for the performance of each fundamental opera- 
tion are then taken directly from the charts and tables for the machine 
on which the operation is to be performed. 

In his book on Time Studies for Rate Setting Mr. Merrick gives 
the results of machine studies made on 30-, 36-, 60-, and &4-inch 
Gisholt boring mills. Reference to his list of fundamental operations 
for machine tools has already been made on page 195. The following 
data, taken from his studies, will illustrate the method of making 
machine studies. 


PREPARATION OF MACHINE TO RECEIVE Work! 


Fundamental opcrations Table 
OMEN 6 atecoticnces, loin dd entardiede Adi git Paad pada aas eed Meade hae ees 1 
NIGVG-Tull DY- DOWER ioe Sis is do Bh arena ee He de Te ee eeeeaen 2,2A 
Swivel head to angle i. 5s etaw based ont be gewinas bust gwabeawaass 3, 3A, 3L 
Remove and replace tool post or bar. 2.0.0... 2... eee eee 4 
Change position of tool post........ 000. e eee eee tee eee ees 5 
Det CHUCK AWS 107UING ia iu cure Rae tea ee Oeee eeacgda ees 6 
Remove chuck jaws from table... 1... 0... 0. cc ccc eee eect eens 7 
Reverse chuck jaws on table... 00... 0c eee eee eens 8 
Novechuck jiws-1n. or Out Of line y...444d din wasosiietnn pedavaben daca 9 


The detail data for ‘‘change position of tool post,”’ are as given on 
page 200. 

In order to determine the proper time to allow for actual machin- 
ing, data relating to the proper feeds and speeds at which the machine 
should be run with different kinds and conditions of work and mate- 
rial should be accumulated, and charted or tabulated for convenient 
use. 

Fig. 58 shows an instruction card, made on the basis of machine- 
study data. 

Job Studies. A job study is one which is concerned chiefly with the 
analysis and study of the fundamental operations performed on a 
given class of work. It is concerned with the determination of the 
time relations governing the performance of these operations. The 
job study differs from the machine study in that the latter accumulates 
data relating to the fundamental operations performed on a given 


1 Time Studies for Rate Setting, Dwight Merrick, p. 88. 
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Table V? 


RAISE OR LOWER TOOL POST IN RAM 
GISHOLT BORING MILL 


Raise post Lower post 
Size of mach. Size of mach. 
(inches) (inches) 


Details of operation 


42 60 84 42 60 84 


Time in minutes 





1. Obtain wrench from tool stand, walk 
to left side of machine........... 0.09 0.09 0.10 | 0.09 0.09 0.10 
2. Loosen hexagon clamping bolts... .. 0.12 0.17 0.20 | 0.12 0.17 0.20 
3. Lay wrench on table............... 0.02 0.02 0.02 | 0.02 0.02 0.02 
4, Pull pin, raise post. ............... 0.04 0.05 0.05 
5. Pull pin, lower post................ 0.08 0.09 0.09 
6. Pick up wrench...............0--- 0.02 002 0.02 | 0.02 0.02 0.02 
7. Tighten clamp in bolts............. 0.22 0.26 0.29 | 0.22 0.26 0.29 
8. Remove wrench to stand........... 0.08 0.09 0.11 | 0.08 0.09 0.11 
Total time to raise post............ 0.59 0.70 0.79 
Total time to lower post........... 0.63 0.74 0.83 


Tool required, open-end wrench. 
Normal position of workman, in front of machine. 


type of machine, and puts it in such shape that production standards 
for new jobs can be set without the expense and time required to make 
an operation study for the particular job. Vhe former accumulates 
data relating to the operations performed on a given class of work 
in order that production standards can be set to accommodate changes 
in design, new designs within the class, or changes in conditions which 
do not change the characteristics of the work, without the necessity of 
making new operation studies in each case. With job studies, one is 
interested in determining the manner in which the characteristic opera- 
tions vary with various types and sizes of work within the class under 
consideration. 

The relation between the operations performed on these types and 
sizes of work within the class are expressed in the form of curves or 
formule. Where formule are used, they should be simple and easily 

1 Time Studies for Rate Setting, by Dwight V. Merrick, p. 98. 


INSTRUCTION GARD 
Date 11-2-18 Instr.Card No. 1 


yon or Symbol 
iece. Bushing. 


Operation Turn,face and bore. 


Dwg.No, 1781 Mat'l, 0.1. 
Weight 1,000# Class 13 
Mach, 60" Gisholt Boring Mill - 1BV 


No. [¥eed|Spind,| Prep. 
Detailed Instructions of |Per |Speed | Time | Time 
Cuts] Rev. in 
Min. 


Change job card at window 

Return to machine 

Move rail from normal - 5* 
(Table 2A) 


Part 1. Turn Outside Dian- 
eter and face one end 


Set chuck jaws to line(Tab.6 

Hoist and land piece in 
chuck jaws,(Table 11A) 

get cee run true, (Table - 
12 

Tighten jaws on work, 

Table 12A) 

Rou,h Turn (A) Q® run, 
(Tool PURC 

Rou::h Face (B) 3}* run. 
(Tool PURB 

Finish Turn (A - 82" run. 
(Tool PSFA) 

Finish Face (B) - 34" run. 
(Tool PSFA) 

Manipulate machine to set and 

start cuts.(Tables 17b-17A- 

17Da-17DC-17EB-17EA) 

Loosen jaws. (Table 19) 

Hoist and remove piece. 
(Table 19B-a) 

Clean table (estimated) 





Courtesy—Mr. Dwight Vs. Merrick. 
FIG. 58 
A Macuine Stupy Instruction Carp 


Part: 


Operation; 
Machine: 


Formula Fel 326 
November 15,1925. 


Controller shafts. 

Grind gear,hanale,star wheel,and bearing fits. 

Norton Grinder - Size 6" x 32" (2" stone) kag & M.Co. 
Ro? 


Standard Time: First Piece Time 


Application: 


0163 = T + S(Each additional piece time). 


Additional Piece Time 
e0175X @ -O016L, - ~0134Y - 0087 (L, - 1) - ,0021 


Where L, - Total length in inches of 
fite 1 7/8" or under. 
L, - Total length in inches of 
fits over 1 7/8". 
- Values from Teble l. 
- No. of fits 1 7/8" or under, 
- No, of fits over 1 7/8", 


Table 1 
True Stone. 
No. of fits 


per shaft. ec ours. 


- 1068 
2 - 1068 
5 1602 
4 2136 
5 - 2670 


This formula applies to rough and finish grinding of 
shafts up to and including six pounds where length of 
fit does not exceed eight inches,as done in section 
F-1 with methods and equipment as at. present. 


Tools and equipment necessary are Norton Grinder,Mi- 
‘crometer,two dogs,socket wrench,air hose,table and 
diamond wheel dresser. 


The shafts are delivered to and from the machine by a 
moveman or laborer. The operator places 25 shafts,on 
the average,on the table adjacent to the machine and 
cleans out the centers,using an air hose. The head- 
stock and tailstock are adjusted to the-length of the 
shaft and the trip dogs are set. The diamond dresser 
is placed in position and the wheel dressed;the mi- 
crometer,dog and wrench are placed on the table. The 
shafts are removed from the table by the operator af- 
ter grinding. 





Courtesy—The Westinghouse Electric & Mfg. Co. 
FIG. 59 
A Jos Stupy 
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solved. They should cover, with sufficient accuracy, every job and 
condition of work that falls within the class. Their solution should 
not require information which is not readily available or which cannot 
be obtained with a minimum of difficulty. They should be so con- 
structed that the manner of their solution is readily evident. If 
possible, their solution should not require more than a knowledge of 
high school mathematics. 

Machine studies undoubtedly are of greatest use in connection with 
machine operations on work which is not entirely standard. Job studies 
are of greatest use in connection with work which is standard in so 
far as the fundamental characteristics of its class are concerned, but 
the details of these characteristics may vary with individual items 
within the class. 

Like machine studies, a considerable amount of data must be ac- 
cumulated before production standards can be set on the basis of job 
studies. The analysis of operation relations and the development of 
curves or formulz covering the manner of their variation require a 
higher type of time study talent than is required for operation studies. 

In making a job study, it is necessary to classify the operations 
performed on all work within the given class according to those ele- 
ments for which the performance time is constant for all types within 
the class and those for which the performance time varies with each 
type. In the case of variable operations, it is necessary to determine 
the common basis on which they vary. Inasmuch as a definite line of 
products is being studied, time required for the same operation per- 
formed on parts for different sizes of the product will usually vary 
in some definite manner. It is probable that the time required for a 
number of operations will depend on the same variable. Such opera- 
tions should be grouped together. Operation studies are made on 
different sizes of a part, covering the range of the class. From these 
data, the time relations for the different operations are determined. 

Fig. 59 shows the first of a number of sheets covering the grinding 
operations on controller shafts. In grinding the bearing surfaces of 
the shafts, or bearing ‘‘fits’” as they are termed, those fits which are 
1% inches long or less are “slab-ground.” In other words, the table 
of the grinding machine does not travel. The grinding wheel, which 
is about two inches wide, is merely run up against the bearing surface. 
Each fit requires two operations—rough grinding and finish grinding. 
On the first operation, gauging is allowed once for every eight fits 
ground, and the second operation once for every four fits ground. On 
the basis of the above data, the time per fit for handling and gaug- 
ing is: 
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34K vd Te 
2E+F+G4+)+ ara = 


2(.00063 + .0010 + .00037 + .0009) + .00036 + .00084 = 
.0070 = A constant. 


The meaning of the symbols and their time values are shown in Fig. 
60. To illustrate, IS represents the elementary operation, “pick up 
shaft.” The time per fit for this element is .00063 hour. It is derived 
from data obtained by time-study S-1. For slab-grinding, a curve 
for rough grinding time was plotted by using actual points obtained 
from time studies covering a representative number of jobs, using the 
length of fit in inches as the abscissa and the time in hours as the 
ordinate. A similar curve was plotted for finish slab-grinding. The 
graphical sum of these curves combines the rough and finish grinding 
time for slab-grinding. The slope of this curve shows the grinding 
time for a half-inch length of fit to be .0113 hour and also that the 
vrinding time increases .0016 hour per inch. Therefore the time for 
slab-grinding per fit is: 
| 0113 + (Ls — 14”) 0.0016 = .0113 + .0016L, — .0008 = 

0105 + .0016L,, where L, is the length of fit in inches. 


The grinding time factor plus the handling and gauging time factor is: 


.0105 + .0016L, + .0070 = .0175 + .0016L,, 


the grinding, handling and gauging time per fit. Therefore, the total 
of such time for AX number of fits 1s: 


.0175X + .OO16L,, 


the first two factors in the expression for additional piece time. Ls 
is the total length in inches of all fits of 176 inches or under. 

If a new controller shaft, having the same fundamental character- 

istics, is designed, the standard base time for the grinding operations 
can be determined without making complete operation studies. While 
the initial expense is greater, job studies are less expensive than opera- 
tion studies. Tor a specific case, the standard set on the basis of job 
studies is not as accurate as the standard set on the basis of an opera- 
tion study. However, it is sufficiently accurate for all practical 
purposes, 
Fatigue Allowances. In connection with the discussion of setting 
standards on the basis of operation studies, it was pointed out that 
certain allowances must he added to the standard times for the ele- 
mentary operations in order to bring the standard within reach of the 
average workman. Of these allowances, probably the fatigue allow- 
ance is the most difficult to determine, 


Formula F-l #26 
Sheet #3. 


Table Of Details. 


Dec. 
Symbol | Description Of Operation Hours. Ref. 


Place shafts on table. Clean & oil centers. .00145 8-5 
Set two heads for length ©0302 S$-12 
True up stone (per fit) 0534 $-13 
Set trip dogs 0244 $-15 
Pick up shaft 00063 S-1l 
Put shaft in machine ~0010 S-10 
Start table and head 200037 S-2 
Rough grind and change dog Curve #1 

Stop table and head,remove & lay aside -0009 S-ll 
Rough gauge 20029 S-7 
Finish grind and change dog Curve #2 
¥inish gauge 0054 $-9 
Remove shafts from table 0006 S-13 
Reverse table -00036 Form f-l# 
Table travel per inch 00048 S-4 


ADAUMUHMoN rw OW > 
me 


Get job and drawing ~0500 Form.Fel #1 
Get time slip 0400 . ¥ . 
Mark time on slip ~0178 . se ” 
Study drawing 0250 : ~ -# 


Time Studies. 
NO. Date Taken By 


12-12-24 L.W.Y. 
le 5-25 . 
1-28-25 
1-51-25 
l- 5=25 

12-16-24 
1-17-25 
2-11-25 
2-11-25. 
2-18-25 
2-17-25 

ll-11-25 

11-17-25 


Prete ors 
OONOCHLE NH 





Courtesy—The Westinghouse Electric & Mfy. Co. 
FIG. 60 
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Fatigue is the result of accumulations of poisonous wastes in the 
system. These wastes are produced by the breaking down of tissue 
in the body, as the result of excessive expenditures of energy. If they 
are produced more rapidly than they can be eliminated naturally by 
the body, they accumulate and produce a deadening effect on the mind 
and body of the workman which tends to slow him up and to reduce 
his production. If the accumulations are so great that they cannot be 
eliminated from the worker’s system during the hours of leisure and 
rest, he comes to work with a residue of the previous day's fatigue 
wastes. To this will be added the wastes produced as a result of the 
present-day’s work. If this is the usual condition of his work, we 
have a case of cumulative fatigue which eventually will result in a 
serious case of fatigue poisoning. If continued long enough it may 
result in a permanent deadening of his mental faculties, and the lower- 
ing of his productive capacity. Obviously, such a condition is detri- 
mental to the best interests of society, the employee, and the employer. 
Therefore, a proper fatigue allowance in the production standard is 
highly important. 

Objective measures of fatigue are largely lacking. The problem 
is human rather than material, and quantitive measures of the causes 
and effects of fatigue are difficult to obtain. Some work has been done 
by industrial physicians to determine the relation between vascular 
reactions and fatigue, with a view to developing some objective meas- 
ures, but as yet such methods do not seem to have been developed to 
the point where they are of practical value in the day-to-day work of 
time study. Today, most methods for making fatigue allowances are 
the results of analyses of the relations of specific production standards 
to the production of men actually working under them. This method 
has proved to be practical and reasonably satisfactory. 

Industrial fatigue is a complex problem because of the large num- 
ber of factors which may cause fatigue, many of which are difficult 
to control. Poor lighting may cause glare, eyestrain, and fatigue. 
Poor ventilation hinders the natural elimination of fatigue poisons 
from the system. The class of work may require great skill, constant 
application, or it may develop nervous tension, all of which may pro- 
duce fatigue. The relation of machine time to handling time in per- 
forming an operation, the amount of rhythm that can be developed 
in performing it, the posture of the worker, the monotony of the job, 
and many other factors may enter into the operation and affect the 
relation between its performance and fatigue. 

Industrial engineers have recognized the importance of fatigue and 
its effect on production. As a result, many methods of reducing fa- 
tigue have been used. One method is the use of rest periods. Some- 
times certain departments, where fatigue is an important factor in the 


TIME AND MOTION STUDY 207 


work, are closed down for a short rest period, usually about ten 
minutes, in the middle of the morning session and again in the middle 
of the afternoon. All work is stopped and the men are urged to relax 
and get their minds off their work as far as possible. The purpose of 
this rest period is to break up the monotony of the work and to give 
the worker's system a chance to eliminate, partially, the fatigue poisons 
which have accumulated. Obviously, such rest periods must be taken 
into account in setting production standards. Otherwise it is difficult 
to get the cooperation of the men in the shop, particularly if they are 
working under some system of wage payment in proportion to produc- 
tion. If such cooperation is not obtained, they will attempt to ignore 
the rest period and work through it. Where fatigue is an important 
factor in production, the introduction of rest periods may actually 
increase production. In addition to rest periods, improved seating 
devices, which can be adjusted to the work to improve the worker's 
posture, have been developed in some cases. Interchanging operators 
on similar jobs in order to reduce the monotony of the work has been 
advocated. This is not always possible because the characteristics of 
the job may not permit it. The Newark works of the Westinghouse 
Electric and Manufacturing Company has permitted the playing of 
phonographs in the shop as a means of relieving monotony.’ These 
are only a few of the methods that have been tried to reduce the fatigue 
factor in production. Under certain circumstances they may be 
helpful. 

Most time-study specialists have accumulated data from which they 
have developed tables or formule to enable them to determine the 
proper fatigue allowances to be made for various classes of work per- 
formed under various conditions. Such tables or formule are devel- 
oped for use with their particular methods of time study. Mr. Carl 
Barth has developed a fatigue formula which can be used to determine 
fatigue allowances for light machine-tool work performed under 
average shop conditions. This formula was developed as the result 
of his analysis of a large volume of time-study data, accumulated by 
Mr. Merrick, covering a wide range of machine-tool work. Mr. Barth 
found that for machine-tool work, the fatigue allowance is controlled 
largely by the relation between the ratio of the handling time to the 
machine time and the minimum selected cycle time. By handling time 
is meant the time required by those hand operations performed 1n con- 
nection with the operation of the machine, exclusive of those which 
are concerned solely with the preparation of the machine for the opera- 
tion. Placing a new piece in the machine is an example of such han- 
dling time. Mr. Barth’s formula is given on the following page: 


1‘'Where Music Aids Manufacturing,” by H. E. Miller, Manufacturing Industries, 
October, 1926. 
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9.5 — 0.325 ; 
P= 20+ hepa ee Oana in which, 
4/0.376 — 0.0000216C? + T 
P = Percentage allowance. 
C = Percentage of handling time in the minimum selected cycle time. 


T = Minimum selected cycle time in minutes. 


The allowances obtained with the above equation are not strictly 
fatigue allowances. They are allowances which not only include fa- 
tigue, but also the additional time necessary to bring the standard 
within the reach of the average worker. 

The method of determining allowances or of determining the value 
of the constants in the above formula for a particular shop is a matter 
which is too technical to come within the province of this book. 

In addition to the percentage allowances for handling time, ob- 
tained by the above equation, Mr. Merrick adds 25 per cent to machine 
time, hand feed; 5 per cent to machine time, power feed; 25 per cent 
to preparation time; and 214 per cent to the total time to cover wash- 
ing, oiling, and personal needs. These allowances apply particularly 
to light machine tool work, performed under good shop conditions. 
Other types and conditions of work would require different allowances. 
lor instance, heavy work and high temperatures would require con- 
siderably greater allowances for handling time, machine time hand 
feed, and possibly for the others. Work in a grinding-room in which 
the air is filled with emery dust would require greater allowances. 
These examples merely emphasize the fact that allowances must be 
developed to mect the requirements of the work and the conditions 
under which it 1s performed. The allowances may vary from 20 per 
cent to 100 per cent of the standard elementary times, depending on 
conditions. 

The introduction of scientific management and standardization in 
themselves affect and usually reduce the allowances which must be 
made. Where time and motion studies are properly made, the best 
methods of performing an operation are developed. These usually 
involve the least number of motions and the smoothest sequence of 
their performance. . This tends to reduce fatigue. A well-organized 
employment department can do much to reduce the effects of fatigue on 
production by properly selecting employees with regard to the mental 
and physical requirements of the job. 

Verifying the Standards. Even when the best time-study methods 
have been used, there will be times when apparently the workman is 
unable to reach or sustain the production standard. In such cases, it 
will be necessary to verify its accuracy. The workman’s inability to 
maintain the standard rate of production may be due to a number of 
reasons, such as lack of skill, changed conditions surrounding the job, 
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machine trouble, too much nonproductive time, or incorrect time study. 
Particularly in the case of operation studies, this inability may be due 
to some irregular operation which may not have been considered be- 
cause the study did not extend over sufficient time to bring it out. 

Perhaps the workman is taking too much time in the performance 
of certain elements. Possibly he is not using exactly the kind and 
sequence of elements that are prescribed in his standard instructions 
for the job. When the cause of the inability to meet the production 
standard is in such factors, verifying the standard may involve only a 
check of the method and time of performing the elementary operations. 
If such is the case, it may not require a great amount of time, aside 
from the time of instruction in the proper method. 

If the cause is due to some irregular variable beyond the control 
of the worker, such as intermittent machine trouble or some necessary 
irregular operation which was not considered in the original study, the 
location of the cause may require considerable time. Studies must be 
taken, extending over a sufficient length of time to insure that all irreg- 
ular variables are included. In some cases this may mean that the 
studies must be continued for a number of days. When no new 
irregular variables are appearing and those which have been noted 
have repeated themselves a sufficient number of times to furnish ade- 
quate data for their study, the study may be concluded. 

The method of verifying the study is not exactly the same as the 
method of making an operation study. The data are taken by the 
method of continuous times. In recording data, it is desirable to 
separate hand time, machine time, and irregular operations in order to 
facilitate the study of their characteristics. If possible, elementary 
times should be computed as the study progresses. If this is done, it 
is possible to note the trends in these classes of times, which may 
throw considerable light on the cause of the worker's inability to meet 
the production standard. When the study has been completed, the 
handling time, machine time, and the times for the various irregular 
operations are totaled and divided by the number of pieces produced 
to get the actual time per piece. Comparison is then made with the 
original standard to locate the trouble. 

The following hypothetical case will serve to illustrate the method 
of making a check study. The operation is milling a shoulder on a 
piece of steel. It is part of the process of manufacturing a steel part 
that is assembled into a standard product, manufactured in large quan- 
tities to stock, The table of the milling machine is returned automati- 
cally to its original position after the completion of a cut. Probably 
the operator would tend more than one machine. However, to simplify 
the case, it is assumed that he does not. The operator has been unable 
regularly to make the production standard shown as follows: 
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Std. time, 

Operation elements min. per piece 
Remove dull cutters, set and adjust with sharpened cutters. ....... .001 
Pick up tray of work and place on bench. .......- 62... eee ee eens .010 
Pick up piece and place in fixture... 0.0.0.6... ee eee eee eee ee ees .035 
Tighten fixture and throw in power. .......----.+ see eee ee ee eens .032 
Mill shoulder ico a eae oh hn eh oh eae HL ae ewe eS .635 
Return table to original position... 1.0.2.0... cee cece cee ences .116 
Remove piece from fixture and place in tray... 2.2... . 0. eee eeeee .038 
Wash chips from fixture with soda water............----+eeeeeeee .026 
Remove tray of finished work. 2.0.0.0... ce cee cece eee eee eens .010 
Totalveycle time a.3 sti tis tin oe entree Pw ehh? tae oan Seeks .903 
Allowance on machine time (0.751 min. @. 5%)........ 02 cece ewes .038 
Allowance on hand time (0.131 min. @ 409%)... 06. ee eee eee ee 052 
Allowance on preparation time (0.021 min. @ 25%)............... .005 
.998 
Allowance of 213% for washing and oiling. ............-..0.-00e .025 

Tune MET PIECES 4 sacks tao eee ee tee Ae eoeme teas Soeas 1.023min. 


A check study was taken, covering the greater part of a day’s opera- 
tion. The manner of taking the data is shown on the form given 
below : 

CHECK STUDY 





El. Hd. | Mch.} Var. EI. Hd. | Mch. | Var. 

















symb. | time | time | op. | symb. | time | time | op. Remarks 
a. Pick | up pielce and] place | in fixtjure. 
b. | Tight |en fix | ture | and |throw| in_ {power 
C. Mill {shoul |der. 
d. Retu |rn tablie to origin jal position. 
e. Remoljve piecje from} fixture | and pljace in jtray. 
f. Wash | chips | from | fixture | with | soda jwater. 
PT. 20 .04 PT—Pick up tray 
f. 11.19 and place on bench. 
05 .06 
a 28 a. {1.25 
.04 05 
b 32 b. 11.30 
.66 68 
Cc 98 CG 1.98 
12 14 
d 1.10 d. 2.12 
.05 05 
e 1.15 e. |2.17 
.03 
f 2.20 
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It was found that the workman’s inability to meet the standards 
was due, in part, to his slowness in performing the hand operations, 
and to the fact that the work was not being piled at the machine as 
originally planned. The analysis of the data relating to the irregular 
operation element, “pick up tray and place on bench,”’ was as follows: 


Put up Tray and Place on Bench 


INtiIMmbernOf pieces snc said oda ie Racau caeai caw es ee ek 410 

Total element time taken...... 0.0000. ee cee eee eeeee 21.32 min. 
WEIMIC DOr -MlCCOY 5 eacdicod-ores «been wie teen e Manatee eee eae we ad O52 “ 
selected time for the element........ 0.0.0... cc cee cece eee ee eee 010 “ 
Allowance of 25%. for preparation time.................0ec ce eeeee 003 * 
Standard time for the element.......... 0... 0.00 cece cece cece ences 013 * 
Uninecessiiry tame taken: <s50:5 shies sSudend eae eke tebe iwaeeee ens 039 “ 


The above example is merely an illustration. In most cases where 

a check study is necessary, the difficulty would not be so obvious or 
the solution so simple. 
The Qualifications of the Time-study Analyst. In most cases a com- 
plete staff of time-study men can not be imported into the plant. Usu- 
ally, the head of the time-study section must select men from the 
organization and train them for his work. The question then arises 
as to the qualifications and characteristics of a good time study man 
which should be present in such candidates for training as far as 
possible. 

The foregoing discussion of the work of setting production stand- 
ards should indicate that its technical nature places it as much in the 
field of engineering as in the field of management. Practical experi- 
ence with the processes and tools that are being used is decidedly 
helpful, although not necessarily a prerequisite. At least, the candidate 
should have mechanical sense. Otherwise his suggestions are likely to 
be impractical, and cause the loss of respect of the workmen, which 
may be fatal to his success. He should have good analytical abilities, 
combined with initiative, tenacity, and common sense. Often he must 
rely on his own resources to develop better methods and convince the 
workmen and his superiors as to their value. 

The close contact with the operative and the nature of his work 
makes it possible for the time-study analyst to work a great deal of 
good or harm. Standards should not be forced on the workers and 
minor executives. Therefore, personality, courtesy, and tact, combined 
with the courage of his convictions, are necessary to gain their coop- 
eration. In addition, a thorough knowledge of and skill in the tech- 
nique of time study is as essential in getting their respect as it is in 
carrying on the actual work of time study. 

Accuracy is a prime prerequisite. The time-study man is constantly 
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engaged in the collection and analysis of a great amount of detail 
data. Often his computations involve small fractions of munutes. 
Slight errors in computing may cause serious errors in the production 
standard, which may lay the time-study section open to the censure 
of the shop. 

Neither the college graduate nor the practical shop man is entirely 
satisfactory as raw material for a time-study man. The first has highly 
developed analytical powers and greater possibilities for development. 
Usually he has a good scientific foundation and, in the case of engi- 
neering graduates, good technical training. The practical shop man 
may be bound by shop traditions regarding the best methods of doing 
work and reasonable standards of production. The college graduate 
has not had these ideas ingrained into him. On the other hand, he 
often lacks experience and suffers from an unjustifiable feeling of 
superiority. 

The practical shop man probably will lack the good qualities of the 
college man, but he has the advantage that he has had extensive prac- 
tical experience with the work that is being studied, and he may be 
able to work with the men better for the reason that he has their point 
of view. 

The ideal candidate is the college graduate who has the qualities 

which have been mentioned previously and who has had considerable 
practical shop experience. Obviously this is a combination of qualities 
which is rarely found. It is chiefly an ideal measuring stick. In addi- 
tion to the technical difficulties of his job, the time-study man some- 
times must work against the criticism of the men and the organization 
until his work has proved its worth. Fis job is likely to be a trving 
one. Therefore, it is desirable that the time-study analyst have the 
above qualities in the highest practicable degree. 
Micro-motion Study. Micro-motion study “consists of recording 
motions by means of a motion-picture camera, a clock which will record 
different times of day in each picture of the motion-picture film, a 
cross-sectioned background, and other devices for assisting in measur- 
ing relative efficiency and wastefulness of motions.” * Micro-motion 
study is the most scientific method of determining production stand- 
ards. Mr. Frank Gilbreth and Mrs. Gilbreth, who developed the 
method, advocated the use of a room in the plant, reserved for micro- 
motion research, in which machines and equipment can be set up for 
the study of operations. They felt that a more thorough and satis- 
factory study of operations could be made if it were conducted away 
from shop influences. In the shop there is a tendency to be influenced 
unduly by customary methods and conditions. 


1 Applied Motion Study, by F. B. and L. M. Gilbreth. 
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An important item of equipment is the “‘micro-chronometer.’’ This 
is a fast-moving clock, preferably with a black face, white divisions, 
and white hands. Usually the clock hand revolves once in three seconds 
and has 100 divisions. It can be read to half-hundreds of three sec- 
onds, or 1/4,000 of a minute. They are sometimes constructed to 
record much smaller divisions of time. 

In the micro-motion laboratory, a certain type of machine for per- 
forming an operation is set up. In back of the machine is a large 
cross-sectioned background. By means of the micro-motion camera, 
the workman 1s photographed while performing the operation. The 
micro-chronometer is set up within the field of vision of the camera. 
After the study has been completed and the film developed, it 1s pro- 
jected on a screen and the elementary operations are studied in detail. 
The cross-sectioned background shows the relative distances through 
which the motions are made. The micro-chronometer shows the time 
taken in making them. Obviously the operation can be analyzed more 
accurately than by the stop-watch method. As a result of the study, 
it may be found necessary to change the character or sequence of the 
operation clements. After the correct method has been worked out, 
the operation is rephotographed. The standard is determined, and an 
instruction card, showing the conditions under which the operation 
should be performed, the operation elements, the time allowed for each 
element, fatigue, and other allowances, and similar information, is 
written. 

In analyzing the operation, an attempt is made to reduce the number 
of variables affecting the operation to a minimum. ‘These variables are 
grouped in three classes ’—(1) variables of the worker, such as anat- 
oiny, brain, contentment, ete.; (2) variables of surroundings, equip- 
ment, and other physical factors, such as appliances, clothes, colors, 
etc.; and (3) variables of motion such as acceleration, automaticity, 
effectiveness, etc. 

According to the Gilbreth theory of motion there are seventeen 
standard motions elements. These elements, called “therbligs,” are 
listed below: 


1. Search—locating an object or place with the eye. 
2. Find. 

3. Select—reaching for an object. 

4. Grasp. 

5. Transport loaded—moving the object to position. 
6. Position—locating the object in position. 

7. Assemble—bringing several objects together. 

8. Use. 

9. Disassemble—the reverse of assemble. 


. ! Applied Motion Study, by F. B. and L. M.Gilbreth. 
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10. Inspect. 

11. Pre-position for next cycle. 

12. Release load. 

13. Transport empty—removing the hand, the reverse of transport loaded. 

14. Rest for overcoming fatigue. 

15. Unavoidable delay. 

16. Avoidable delay. 

17. Plan—determining the next step in the operation. 

In some cases, all of these therbligs will not be present in the operation. 
These elements are recorded by the camera as they are performed, 
and are studied later in detail. 

In some cases, what is termed a cyclograph 1s made. Small electric 
lights are attached to the fingers, head, and elbows of the worker. A 
photographic dry plate is exposed during a few cycles of work. When 
a print of the plate is taken, the motions appear as lines of light, cross- 
ing and recrossing one another. When an interrupter is placed in the 
light circuit, the making and breaking of the circuit results in dotted 
lines on the print. If the rate at which the circuit is being interrupted 
is known, the number of these dots in the line of a given motion indi- 
cates the time taken by the motion. At first, a cyclograph of the opera- 
tion is usually a maze of lines with no apparent pattern. Gradually, 
as the method is improved and operator acquires skill in the new 
method, succeeding cyclographs will acquire a simple definite pattern. 

If the cyclograph is taken with a stereoscopic camera, three dimen- 
sions are approximated. Such a cyclograph is useful when it 1s desir- 
able to make a wire model of the motions. The advantages claimed 
for motion models are that they furnish the learner with a tangible 
example of the motion, are a permanent record of the motions for 
future study, and they tend to get the worker into the habit of thinking 
in terms of elementary motions. 

Finally, the operation is recorded in the form of a motion cycle 
chart. Time, in thousands of a minute, is recorded at the left of the 
chart. The various members of the body are listed horizontally across 
the top of the chart. Under each member are listed the therbligs in 
which they participate, opposite the time when they occur. The nature 
of these therbligs is indicated by mnemonic symbols. The length of 
time which these therbligs consume is shown by colored lines drawn 
vertically under the proper members. The colors also indicate the 
nature of the therbligs. The advantages claimed for the chart are 
that it indicates graphically the extent to which each member partici- 
pates in the operation. It shows the nature of this participation. As 
a result, the opportunities for reducing fatigue and improving the 
operation method are more easily seen. Finally, the motion-cycle 
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chart also serves as a permanent record of the manner of performing 
the operation. 

Micro-motion study methods have not been used as widely as stop- 
watch methods. To the majority of manufacturers the method seems 
to inyolve unnecessary refinement and expense. They feel that they 
can yet satisfactory standards by the stop-watch method. The pro- 
ponents of micro-motion study feel that the greater savings resulting 
from a more intensive study of the operation more than offset any 
additional expense. In some cases where standards have been devel- 
oped under laboratory conditions, the workers have felt that they were 
not entirely fair, that the standards should be developed under actual 
shop conditions. This objection probably is not valid, but the attitude 
of the men is a factor which must be considered. Micro-motion study 
is not inherently a laboratory method. In many cases, studies can be 
and are made in the shop. The micro-motion methods have been used 
successfully in a number of plants throughout the country. 


CHAPTER XIV 
MAINTENANCE CONTROL 


The Purpose of the Maintenance Department. The purpose of plant 
maintenance is to maintain the efficiency of plant and equipment to 
anticipate and prevent, as far as possible, interruptions to production 
due to machine breakdowns or equipment in poor condition. Such 
interruptions cannot be anticipated entirely, and will occur regardless 
of the excellence of the maintenance work. When they do, the mainte- 
nance department must make the repairs promptly and get the machine 
or equipment into production at the earliest possible moment. 

By properly organizing the maintenance work, considerable savings 
and increases in efficiency can be made in the average plant. Usually 
the work is in the hands of a good mechanic who often 1s called the 
master mechanic. When he is notified of a machine breakdown by the 
foreman of a department, he sends one of his men to the department 
to repair the machine. Probably the mechanic will look the job over. 
and return to the maintenance shop for the tools that he should have 
brought in the first place. While the necessary repairs are being made, 
the production of the machine is lost, the overhead which this produc- 
tion should absorb increases operation costs, the wages of the workman 
for the time during which the repairs are being made must be charged 
to some idle time account which increases the overhead of the shop. 
Probably the cost of the repairs will be greater than it would have 
been had the break been anticipated. In such a shop it is not likely 
that much attention will be paid to belt tensions or the conditions of 
belts until they actually begin to slip or break. When the windows get 
so dirty that poor light interferes with the work, some one may see 
that they are washed. These are only a few examples of the wastes 
which result from poor plant maintenance. 

The Organization of the Maintenance Department. Although the 
work of the maintenance department has a direct and important rela- 
tion to continuous production, it is usually handled by a separate 
organization rather than the regular production organization. Main- 
tenance work 1s more irregular, and its problems are quite different 
from the usual production problems. Despite its importance, there 
is some danger that maintenance work, if placed under the production 
organization, would be treated as a necessary evil and therefore would 
not receive the attention that it deserves. 

216 
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The organization shown in Fig. 61 will serve to clarify the func- 
tions of the maintenance department, and will fit in with the organiza- 
tion which was outlined originally. Under certain conditions, it would 
be suitable for a large plant. 

As in the case of other organizations which have been outlined, the 
same functions of management that are present in the large are also 
present in the small organization. They should be handled as ade- 
quately in the latter as in the former. The fact that they are present 
in a lesser degree and that in many cases a given executive must handle 
a number of functions, does not change the need for a proper regard 
for functions. 

The planning and clerical section keeps the records of the mainte- 
nance department, and performs such other clericaléwork as may be 
necessary to the work of maintenance. In some instances there may 
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FIG. 61 
THe MAINTENANCE ORGANIZATION 


be one or more estimators who plan the work. In the case of major 
repairs which will take considerable time, the estimators look the job 
over, determine the nature and extent of the repairs, estimate the 
time required, and write up instructions and the expense order. In 
the case of minor repairs, the estimates can be made and instructions 
Written without leaving the office.’ On the basis of these estimates, 
the work of the department is laid out. 

The fire-protection section is charged with safeguarding the plant 
against fire. The work involves the inspection and maintenance of 
fire equipment, training of the plant fire department, and similar work. 

The inspection section is engaged in the inspection of equipment 
to anticipate repairs and completed maintenance jobs. 

The plant service section is engaged in the upkeep of the plant 


1In many cases, repairs may be so minor or of such a nature that it is not practicable 
to estimate the time. 
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and the operation of general plant service. In this section are such 
workers as sweepers, window-washers, elevator operators. 

The maintenance shop maintains and repairs the machinery, power 
transmission, and other equipment. ‘The varied nature of the work 
means that it must have a varied force of mechanics such as carpenters, 
machinists, electricians, plumbers, and millwrights. In the small plant 
even this degree of specialization is not possible. The maintenance 
department may consist of one or two general inechanics. The equip- 
ment of the maintenance shop usually consists of a number of general- 
purpose machine tools used by the different trades and such small tools 
as are not part of the personal equipment of the mechanics. A list of 
the duties of the maintenance shop will indicate the nature of its work 
and show the necessity for such a varied force. The maintenance shop 
must maintain in the best possible condition : 


Buildings Lighting equipment 

Sewers Installation of new machinery 

Piping; water, air, steam and gas and equipment 

Motors Maintenance of machinery 

Wiring and equipment 

Plumbing Elevators 

Shafting and power transmission Conveyor systems and other 
equipment, including belting; transportation equipment | 


The above statement is not intended to be a complete list of main- 
tenance shop work. 

Many materials and supplies necessary for maintenance work are 
to some extent peculiar to it. It 1s often considered not worth while 
to issue them in small lots directly to the maintenance mechanic, as 
work of accounting and storing them more than offsets any gains from 
a closer control. As a result, the maintenance department often has its 
own storeroom. 

each of the principal units in the organization is managed by a 
foreman or section head, who reports to the superintendent of mainte- 
nance. Because of the unusual situations which are constantly arising 
in connection with maintenance work, and which must be handled 
quickly and efficiently, the superintendent of maintenance miust be a 
resourceful executive, having more than ordinary mechanical experi- 
ence and ability. 

In discussing maintenance, we have referred to the executive in 
charge of this function by the above title. Unfortunately, the nomen- 
clature is not standard. Such titles as engineer of works, master me- 
chanic, superintendent of motive power and equipment, plant superin- 
tendent, superintendent of equipment and buildings, plant engineer and 
many others are applied to the head of the maintenance department. 
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The Functions of the Maintenance Department. In the discussion of 
the maintenance organization, we have indicated, in a general way, the 


functions of the department. Mr. Frederick A. Waldron summarizes 
these functions as follows: ! 


1. Make emergency repairs. 
2. Inspect machinery and equipment at such intervals as will insure 
detection of misadjustment, wear or impending breakdown. 
3. Make such repairs or replacements as inspection shows to be 
necessary. 
Keep systematic records of equipment, inspections, and repairs. 
Keep tickler records to warn of the necessity of reinspections. 
Suggest and assist in developing changes and improvements in 
design of machinery and equipment to decrease liability of 
breakdown and necessity of frequent adjustments or repairs. 
7. Put into effect changes and improvements developed under (6) 
above. 
8. Operate such service departments as may be assigned to the 
maintenance department. 


Sahn: 


Because of space limitations, discussion must be limited to the 
handling of emergency repairs and the work of maintenance inspection. 
Emergency Repairs. Emergency repairs include any interruptions to 
production due to the failure of machinery and equipment to function 
properly. Such interruptions must be removed and the equipment 
returned to production at the earliest possible moment. As we have 
pointed out previously, when a machine breaks down, a steadily mount- 
ing expense is incurred until it starts to produce again. 

When such an interruption occurs, the department foreman usually 
notifies the planning office or the maintenance department office by 
telephone. The foreman also originates an interruption report which 
is sent to the planning office in order that it can make promptly any 
changes in plans and schedules which may be necessary. Fig. 41 shows 
an interruption report. 

When the call is received, the interruption is noted. If it is of 
major importance, such as the breakdown of a large machine which 
will require considerable time to repair, an estimator may be sent to 
look over the job and decide what repairs are necessary, how they 
shall be made, what tools and equipment are necessary, and how long 
the job should take. In some plants, if the break cannot be repaired 
quickly, the machine is removed to the maintenance shop and repaired. 
A machine in good repair is immediately set up in its place and pro- 
duction proceeds with a minimum of delay. For a number of reasons, 

1 Management's Handbook, p. 1037. 
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such procedure is profitable only in large plants, under quantity pro- 
duction, which are able to make the additional capital expenditures 
that are necessary. In the case of minor repairs, such as a broken 
belt, it is not worth while to have the estimator estimate the job. 

The estimator writes an expense order and instructions for making 
the repairs. In some cases these instructions may be written on the 
expense order. The order gives the necessary authority for making 
the repairs. The original copy is sent to the cost department and is 
the basis for charging the mechanic's time and the material to the 
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proper expense account. Jn many cases the cost department does not 
receive a copy of the expense order inasmuch as these items will be 
charged to some standing expense order. A second copy may be given 
to the maintenance shop foreman as notice of the interruption, and what 
must be done. It should be returned to the maintenance office when 
the job is completed as notification of that fact. A third copy may be 
kept in the maintenance office for entry on any work control or other 
records which are kept. It is forwarded to the chief preparation clerk 
when the interference is removed. 

As soon after receipt of his copy of the expense order as possible, 
the maintenance shop foreman sends a mechanic to the department 
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to repair the break. The man’s time and any material which is used 
are charged to the order number on the expense order. For many 
kinds of routine maintenance work, such as belt lacing, it is not pracui- 
cable to issue an expense order for each job. The man's time is 
charged to a standing expense order by his time ticket. 

It is not desirable to have expense orders issued by minor execu- 
tives at will. Their use may be checked by requiring that expense 
orders for repairs that are estimated to cost more than a given figure 
must have the approval of the maintenance superintendent. Fig. 62 
shows an expense order. 

In making repairs, something more than getting the machine back 

into production at the earliest possible moment must be considered. 
In looking the job over, the estimator should endeavor to determine 
not only what repairs are necessary, but also what can be done to pre- 
vent a recurrence of the break. Any suggestions for preventing a 
recurrence should be presented to the maintenance superintendent, and, 
if approved, should be placed on the department's program to be 
handled whenever the maintenance work gets slack. Mr. Waldron 
points out that the measure of the efficiency of the maintenance depart- 
ment is the freedom of the plant from emergency repairs. 
Maintenance Inspection. ‘he reduction in the number of emergency 
repairs means a great saving to the plant. There are fewer interfer- 
ences to production, the repairs which must be made to keep the machin- 
ery and equipment in first-class condition are usually less extensive 
than those which must be made as the result of an actual breakdown, 
and these repairs can be made during noon hours, Saturday afternoons 
and Sundays, and at other times when the plant is not working. 

In order to reduce the number of emergency repairs it 1s necessary 
to have a force of maintenance inspectors and the periodic inspection 
of all machinery and equipment. Some such procedure as the follow- 
ing may be used. .A maintenance inspection order 1s made out for 
‘ach item to be inspected. .\ schedule is made out for each inspector. 
The items to be inspected are distributed to the inspectors to make 
up routes which will involve the least amount of travel between jobs. 
In some cases, there may be minor repairs or adjustments which can 
be made by the inspectors at the machines. This work ts indicated 
on the inspection order. No expense order is made out for it, as such 
work is charged to a standing expense order for maintenance inspection. 

The information which appears on the maintenance inspection order 
is as follows: 


(1) Department. 
(2) Machine name. 
(3) Machine number. 
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(4) Location. 

(5) Date of inspection. 

(6) Nature of inspection. 

(7) Inspector’s statement of condition and needed repairs. 
(8) Action taken. 

(9) Date sect for next inspection. 


th 
bu 
tw 


Fig. 63 shows a maintenance inspection order. 

As the inspector completes the work called for under (6), he 
states his findings under (7) and specifies in detail the nature of any 
repairs or adjustments which should be made. 


INSPECTION ORDER 


Date Department 





Mach. Name Mach. No. 





Inspector Location _ 


Instructivns: eee ne ee ae tee eT ee 


Inspector's Report: 


Action 


Next Inspection: 


Approved,_ 


IG. 63 
A MAINTENANCE INSPECTION ORDER 


As these orders are returned to the maintenance office, they are 
analyzed to determine the extent of any work which must be done, 
expense orders are written, and the work is placed on the maintenance 
schedule. Usually such maintenance work is not urgent and can be 
fitted into the schedule when most convenient. The expense order 
number, the date when the work is scheduled to be done, and the 
date when it is completed are entered under ( 8). The inspection 
order may be filed with the expense order until the work has been 
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completed. Afterward, a record of the inspection and the repairs is 
made on a maintenance record, Fig. 64. Finally the inspection order 
is placed on a tickler file under the date when the next inspection is to 
be made. It automatically comes to the attention of the maintenance 
office on this date, in this manner assuring regular and periodic 
inspection. 


MAINTENANCE RECORD 


Mach. Name. Mach. No. 


Description 
Department. Location 
Purchase Price De, reciation Rate 


Equipment 


Repairs 





FIG. 64 
A MAINTENANCE RECORD 


The information which usually appears on the maintenance record 
is as follows: 


(1) Machine name and number. 
(2) Description of machine. 
(3) Machine symbol. 
(4) Location. 
(5) Any special tools and attachments. 
(6) Record of inspections and repairs. 
(a) Date. 
(b) Action taken. 
(c) Remarks. 


It may be kept in loose-leaf form, the record for each machine or 
piece of equipment being kept on a separate page. Many maintenance 
authorities feel that a detailed record of repairs is unnecessary, as the 
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foreman's knowledge of the performance of the machine is sufficient 
to indicate when it should be scrapped. 

Standards for Maintenance Work. Because of the irregular nature 
of maintenance work, it is difficult to set production standards except 
for such routine work as window-washing, sweeping, and _ similar 
jobs. There are instances where time studies have been made and 
production standards set for such work. For the major part of main- 
tenance work, if it is desired to have wage payment in proportion to 
production, the standard must be based on the estimate of the inspec- 
tor or an estimator from the maintenance office. Furthermore, bonus 
earnings should be based on the average efficiency for the month, inas- 
much as the maintenance mechanic may encounter difficulties in the 
job which could not well be foreseen by the estimator. 

Because of these difficulties, it is not possible to hold the mechanic 
strictly to the instruction on the expense order. Ile must be permitted 
to exercise some discretion as to the best method of making repairs 
in the light of conditions as they actually disclose themselves. 


CHAPTER XV 


THE CONTROL OF MATERIAL—THE NATURE OF THE 
FIELD 


The Importance of Material Control. From the manufacturer's 
standpoint, production consists of the proper application of men and 
machines to material for the production of economic goods. It is 
apparent that for most plants the proper control of materials is one of 
the most important problems of management. 

The importance of material control and the extent to which it has 
been developed will vary between plants, according to the character 
of the product, the manufacturing problems involved, and the degree 
of managerial ability which is present. In a plant which is operating 
under conventional methods of management, it is probable that the 
importance of the material problem will not be realized entirely. Mate- 
rial control will be lax correspondingly. In plants which operate with 
modern management methods, usually methods for material control 
have been developed to a high state of efficiency. 

Where material problems are handled in a lax manner, there is 
always the danger that serious losses will creep in, many of which can 
easily escape detection 1f the proper control machinery is not present. 
Materials may not be purchased and delivered to the plant in time 
to avoid costly interferences to production, Stocks of materials or sup- 
plies may become exhausted, resulting in higher costs for rush ship- 
ments and the cost of delayed production. If we have no proper mate- 
rial control, inventories may become unduly expanded as a result of 
unduly large purchases or too many separate items carried in stores. 
Many of the failures which occurred during the depression in 1920 and 
1921 resulted directly from over-expanded inventories of both raw 
and worked materials. Losses may be caused by variations in the 
quality of materials purchased and received into the plant. Such varia- 
tions may affect adversely the cost of production and the satisfaction 
of our customers with the product. Failure to salvage properly waste 
and scrap materials from industrial processes may mean a considerahbie 
leakage of profits into the scrap pile. Where there is no good system 
of material control, the books of the company usually are not closed 
more often than annually or semiannually, because of the difficulty of 
taking a physical inventory of raw, worked, and finished materials. 
The lack of current information concerning the condition of the 
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company may impair the effectiveness of managerial control. In the 
handling, storage, and movement of materials there are many oppor- 
tunities for wastes to occur. Jn these and many other ways, the suc- 
ass of the company may be affected considerably by the quality of its 
material-control methods. 

Many concerns install expensive accounting and cost systems, 
watching expenditures carefully. Safes or vaults are provided for the 
cash on hand, for which an accounting to the last penny must be made. 
On the other hand, stocks of materials, costing large sums, are left 
with the minimum of protection. Good control of these inventories 
may be almost nonexistent. For some reason, cash on hand seems 
more apparent and real than far greater amounts invested in materials. 
It is not unusual for large concerns to have inventories representing 
an investment of a million dollars or more. In most cases, such con- 
cerns realize the value of material control and make proper provision 
for it. Yet the inventories of smaller concerns, in proportion, are 
equally as important. In some industries, the material cost is sixty or 
seventy per cent of the total cost of production. 

The Functions of Material Control. The functions of material con- 
trol are to supply the material that 1s wanted, when it is wanted, at 
the point where it is needed, in the proper quantities and at the most 
economical cost with regard to the requisite quality. It must so con- 
trol the flow of materials into the plant that production will be supplied 
adequately without creating inventories which are unnecessarily large. 
It must supply information to the planning and cost departments which 
will assist them in the performance of their functions. It must see 
that all inventories are properly utilized. 

The General Classification of Stores. Material control includes the 
control of all materials and supplies not actively in use. Therefore it 
includes : 

(1) Raw Stores. In this classification are included raw material. 
They may be procured either by purchase or by manufacture. The 
greater part of such stores are used directly or indirectly in production. 

(2) Miscellaneous Stores. This classification includes supplies 
used directly or indirectly in manufacturing. 

(3) Worked Material. This term usually is applied to material 
to which men and machines have heen applied but which has not been 
completely processed into finished parts or products. Sometimes it is 
necessary to split an order of parts and put a portion of the order into 
stores. In such cases an item of worked materials should appear on 
the stores books. 

(4) Component Parts. This term usually applies to parts which 
have been completely processed for assembly into the finished product. 
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All finished parts should be recorded on the stores ledgers and placed 
in stores as soon as they are completed. 1n many cases this may not 
be done physically but by means of a paper transaction. Actually the 
parts may be delivered directly to the assembly floor. 

(5) Finished Product. This term refers to product which has 
been finished for sale, except salvage material. Here again the finished 
product may not be put into stores physically, but may be delivered 
directly to the shipping floor. Towever, it should be put through 
stores On a paper transaction for purposes of inventory control and 
accounting. 

(6) Unclassified Stores. In this group are all materials which are 
not carried regularly in stores or which are not classified elsewhere. 

(7) Salvage Stores include all scrap and waste materials received 

by the salvage organization, and all salvage products reclaimed from 
such materials for sale or replacement in general stores. In some cases 
it may include the manufacture of certain by-products. 
The Work of Material Control. The work of material control can be 
divided roughly into six phases—(1) procurement, (2) storage, (3) 
transportation (+) salvage, (5) the development of standards, and 
(©) control. 

sy procurement 1s meant the work of securing the materials and 
supplies for production and the conduct of the business. Procurement 
may be effected by manufacture or by purchase. It is the business of 
the plant to manufacture finished product. Inventories of finished 
product and the parts of which it is composed are normally procured 
by manufacture. In some instances, certain materials and supplies 
also may be manufactured in the plant. In the average plant most of 
the raw materials and supplies are procured by purchase. In some 
instances certain parts which cannot be produced to advantage in the 
plant also are procured in this manner. In the first case, the materials 
organization is concerned with the study of materials, markets, and 
vendors, the making of purchase contracts, and the routine of pur- 
chasing. In the second case, it is concerned with production and pro- 
duction control, although not directly responsible for them. 

In connection with the work of storage, it is concerned with the 
provision of proper places for the storing and piling of material, the 
selection of handling equipment, the handling and control of stock, 
the organization and location of storerooms and similar problems. 
In many respects the work of receiving and inspecting purchased mate- 
rials is closely related to the work of storage. 

The transportation of materials results from a transfer of responsi- 
bility for their proper handling and safekeeping. There are two prin- 
cipal phases of this work—the internal transportation of materials and 
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the shipping of finished product from the plant. The first has to do 
with the movement of materials within the plant. The second case 
has to do with the movement of finished product to the consumer on 
the order of the sales department. 

In the work of control, the materials division is concerned with 
the operation of the stores ledgers, the checking and controlling of 
inventories, the determination of minimum ordering points and maxi- 
num ordering quantities, the symbolization of materials, the furnish- 
ing of cost and planning information, and problems of a similar nature. 

As previously stated, the work of salvage has to do with the 
handling, processing, and disposing of waste and scrap materials. 


THE MATERIALS ORGANIZATION 
MATERIALS MANAGER 
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THE MATERIALS ORGANIZATION 


In large materials organizations, there may be a section responsible 
for the development of material-control methods and standards. If 
there is a methods manager, as suggested in Chapter VI, they properly 
may be developed under his direction, subject possibly, to the general 
supervision of a materials conmittee.? 

The Organization for Material Control. In the organization set up in 
Chapter VI, the work of material control is handled by the materials 
division. In that chapter a discussion of the general functions per- 
formed by the various departments of the division was given. ‘The 
organization of the materials division is shown in Fig. 65. This 


1 See Chapter V. 


THE CONTROL OF MATERIAL 229 


organization is not intended to weight the importance of the various 
phases of material control, but rather to emphasize its principal func- 
tions. Furthermore, the relationships of the various organization 
units administering material control functions will vary with every 
concern, depending on the nature of the management problems. 


CHAPTER XVI 
THE CONTROL OF MATERIAL—PURCHASING 


The Work of Purchasing. The functions of the purchasing depart- 
mient are to procure by purchase what is wanted, when it 1s wanted, 
in the proper quantities and at the lowest price consistent with requisite 
quality. The determination of what is wanted involves the kind of 
material that is required and the desired quality. In the modern pur- 
chasing organization, these two factors are determined in most cases 
by means of material specifications. With some exceptions, such as 
office materials, these specifications are written by the engineering 
department for all materials regularly purchased. Copies are on file 
in the purchasing department. ‘The quantity to be purchased 1s gov- 
erned in most plants by the production program, and purchase reauisi- 
tions from the balance of stores department and possibly certain 
executives authorized to issue them. In some plants it is a matter of 
the purchasing agent's judgment, guided possibly by a materials com- 
mittee. One of the principal duties of the purchasing department 1s 
to procure material in time to meet the needs of the production organt- 
zation. In securing deliveries, the purchasing department may be 
suided by the production program, the dates when specific orders are 
scheduled to start, or the normal usage of the stores department, 
depending on the methods in use and the nature of the purchase requis1- 
tion. In purchasing, the lowest quotation is not always the cheapest. 
The quality of the material offered may not be satisfactory. Its prop- 
erties may be such that it is not easily worked. Delivery dates mav 
not be satisfactory, or other reasons may make it advisable to accept 
a bid which is not the lowest. 

The Purchasing Organization. The purchasing organization is under 
the supervision of a purchasing agent in most cases. In the organiza- 
tion on page 228 he reports to a materials manager. The position of 
the purchasing agent in the organization depends to some extent on 
the nature of the organization and its purchasing problems. In organi- 
zations which use large quantities of speculative materials, such as 
textile plants, the purchasing agent is an executive of great importance. 
In many cases he has practically free rein because of the wide fluctua- 
tions which often occur in the hasic raw materials, cotton and wool, 
and the necessity for procuring a supply of raw material at a favorable 
price. In extreme cases the purchasing function, in so far as the pro- 
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curement of speculative materials is concerned, may be handled per- 
sonally by the president or some other managing executive of the 
company.’ Tlowever, such practices are not advisable unless the char- 
acteristic price movements of the major materials, the nature of avail- 
able supplies, and the customs of the industry make them necessary 
and the managing executive has the requisite knowledge and experi- 
ence. ‘or the average plant that uses materials not subject to violent 
price movements, of which there is normally an adequate supply, it is 
better to control the purchase of materials through the operation of 
the balance of stores ledgers. It is natural for the purchasing agent 
to have a bargain-hunting tendency. Unless this tendency is properly 
controlled, it may result in the building up of too large inventories 
and the stocking of goods which shortly become obsolete as far as 
the needs of the plant are concerned, or which cannot be used advan- 
tageously. A cheap price may prove to be very expensive. Such 
results are probable, particularly 1f the purchasing agent is not suf- 
ficiently in touch with the present and future plans and needs of the 
engineering and production organizations. Such instances can be pre- 
vented by a proper control of purchasing, without inhibiting the exer- 
cise of imitiative by the purchasing agent. 

Between the speculative purchasing agent who operates almost en- 
tirely on his own initiative, and the purchasing agent of the small 
plant who is little more than a clerk, buying what the shop needs on 
the order of authorized executives, there are all deyrees of executive 
importance. However, in a plant of any size, in which the purchasing 
function has been properly developed, the purchasing agent is an 
Nportant major executive. He is an expert who knows markets and 
materials. Ile must have a practical knowledge of economics, particu- 
larly with regard to the characteristics of price movements, in order 
that he may advise properly the higher executives of the plant regard- 
ing matters of purchase policy. He must be an executive, competent 
to supervise the work of purchasing. 

In the larger organizations there is usually an assistant purchasing 
avent who relieves the purchasing agent of the routine work of super- 
vising the department. There are buvers who do the actual work of 
securing bids on orders, interviewing salesmen, placing purchase orders. 
declining quotations and similar work, subject to the approval of the 
purchasing agent or his assistant. There are record clerks who keep 
the files of material specifications, statistical data, vender’s files, quota- 
tion files, purchase-order files, catalogue files, and other records used 
by the purchasing department in its work. There are follow-up clerks 


1In some instances, the procurement of such materials is so important that separate 
organizations for speculative and routine purchasing are maintained. 
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who schedule and follow up shipments, after the purchase order has 
been placed and accepted, to insure that they will be received on the 
promised date. ‘There may be a traffic section which routes shipments, 
follows up shipments delayed in transit, checks freight bills, and takes 
up claims with the railroads. There are invoice clerks who check the 
invoices against the purchase orders and reports of the receiving depart- 
ment, and certify to the purchasing agent the correctness of invoices 
for approval for payment. 

Such an organization may seem unduly complex. It was not long 
ago that the foreman or superintendent of a department or shop pur- 
chased the materials and supplies that he needed for his work.  In- 
stances of such methods can be found occasionally in the smaller plants 
today. However, they are not found in the better-managed plants 
having a large volume of production. The purchasing department of 
a good-sized plant purchases in the course of a year many thousands 
of widely differing articles. They range from coal, steel, oil, machin- 
ery, and similar large and expensive items to inexpensive office supplies. 
Different departments require materials which serve similar purposes. 
It is obvious that unless the work of purchasing is centralized in the 
hands of a trained staff great losses may occur which will more than 
offset anything that could be saved by economizing unduly on the pur- 
chasing department. The trained purchasing agent is familiar with 
the product and its requirements. He is further aided by material 
specifications which have been accurately and thoroughly prepared. 
He is in a position to view the purchasing problems of the plant as 
a whole, and as a result to serve it with the greatest economy. Ile 
knows markets, business, and price cycles which the average department 
head does not. He is familiar with the various sources of supply and 
knows the character, capacity, and ability of different vendors. He 
understands the advantages and characteristics of different kinds of 
contracts, discounts, and purchase technique. In almost any plant 
he can render service which will return large savings to the company. 
Purchasing Methods. There are a number of methods of purchasing. 
The three which probably are the most widely used are (1) purchasing 
under control of the balance of stores department; (2) speculative 
purchasing; and (3) contract purchasing. As stated previously, the 
purchasing of routine items under the control of the balance of stores 
department is probably the safest and most economical method for the 
average plant. Under this method, material is purchased on the 
authority of purchase requisitions received from the balance of stores 


’ However, the work.of the traffic section also bears an important relation to the work 
of the sales department. Accordingly, the traffic supervisor may report to the sales 
manager in some cases. In others, the traffic department may be independent, prohal ily 
under the jurisdiction of the vice-president in charge of production. 
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department. Usually there appears on the stores ledger sheet, for 
each item carried in stores, a minimum ordering point or quantity. 
When the available stock of a particular item falls to this quantity, 
a purchase requisition is written by the order clerk of the balance of 
stores department and sent to the purchasing department. ‘This point 
depends largely on the rate of consumption and must be set to allow 
the purchasing department sufficient time in which to procure a new 
supply of the material. In a great many plants, an arbitrary figure 
which approximates three months’ supply is used for most items. ‘The 
quantity which ts ordered also depends largely on the rate of consump- 
tion and is determined with a view to obtaining the highest practicable 
turnover of inventories and the working capital invested in them. It 
also depends on the extent of control of sources of supply. It is said 
that one of the largest manufacturers in the country, who has unusually 
good command of his sources of supply, operates on less than a week's 
supply of raw materials. 

The purchase requisition, an example of which is shown in Fig. 66, 
is merely a request for a purchase order. When the purchase requisi- 
tion is received by the purchasing department, the routine of purchas- 
ing, resulting finally in the placing of a purchase order, is initiated. 
While this method controls any tendency of the purchasing agent to 
speculate in raw materials, it has the disadvantage that the company 
probably will be less quick to take advantage of changes in price 
trends, although the purchasing agent 1s in a position to, and should 
advise his superiors regarding impending price changes. Tlowever, the 
present tendency seems to be to forego speculative profits in materials 
and to hold inventories to a minimum. 

If the purchasing department engages in speculative purchasing, 
the time of buving and the quantities bought are left largely to the 
discretion of the purchasing agent, although his activities may be 
supervised by a materials committee. In many cases he 1s guided only 
by a production program and his knowledge of the business. This 
method is more common among concerns which purchase large quan- 
tities of speculative materials. To use it successfully, the purchasing 
agent must be a shrewd, keen student of business and the commodities 
which he buys. To determine when a downward price movement has 
run its course and an upward movement is about to begin 1s no easy 
matter. Llowever, in the modern organization he may be aided in 
this determination by information furnished by a highly organized 
statistical department. 

The term “purchasing on contract” refers to the use of contracts 
covering a supply of materials for a considerable period in advance 
of manufacturing. Strictly speaking, all materials are purchased on 
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some form of contract. To illustrate, contracts may be made covering 
the year’s requirements for a major item of material. Consignments 
of the material are shipped during the year on instructions from the 
purchasing department. By this method an adequate supply of mate- 
rials to meet the needs of production is assured. 

Material Specifications. The material specification is a detailed de- 
scription of the chemical and physical characteristics of a given item 
of material. It includes such information as the chemical and physical 
properties of the material, its form, finish, the manner in which it 
should be packed for shipment, any tests which it should pass to deter- 
mine the extent to which it meets the specifications, permitted substi- 
tutes, and similar information. The specifications are prepared by the 
technical experts of the plant or others who are competent. The essen- 
tial points are incorporated in the purchase order, a copy of which 
goes to the receiving department as well as to the vendor. They are 
the basis of the work of receiving inspection as well as of the purchase 
contract. 

Purchasing Department Files. In addition to the files of material spec- 
ifications, there are many other files of information, some or all of 
which will be found in the well-organized purchasing department. The 
material file accumulates information regarding each item or class of 
material which is purchased regularly. A card is maintained for each 
individual item. The nature of the information on this card 1s indi- 
cated in Fig. 67. In some cases the form may be printed on a filing 
pocket in which information relating to methods of manufacturing the 
material, new substitutes which have been developed, or other informa- 
tion concerning the material which is of interest to the purchasing 
agent may be filed. The purpose of the file is to bring together in 
usable form, all general information relating to each item of material 
and its sources of supply. Jn many instances, this form can be com- 
bined to advantage with the quotation record. 

The quotation file furnishes a record of all purchases of each item 
of purchased material. A card such as that shown in Fig. 68 is made 
out for each item. The purpose of the quotation file is to furnish a 
continuous record of prices paid or quotations reccived for a given 
item of material over a period of years. In the case of some materials, 
such as copper, rubber, pig iron, and cotton, prices are quoted regularly 
in trade publications or other mediums. The buyer follows these 
quotations daily and is thoroughly informed regarding their price 
trends. Every concern purchases a great many materials for which 
there are no well-organized markets from which quotations can be 
obtained regularly. In the case of such items, the quotation file fur- 
nishes valuable information which will aid the buyer in determining 
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what is a fair price. Even in purchasing raw materials, enjoying 
broad, well-established markets, the quotation file may be very useful. 
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The vendor's file furnishes a record of the performance of each 
vendor front whom we have procured material. A card such as is 
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shown in Fig. 69 is made out for each individual vendor. If the 
vendor failed to meet his promised shipping date, did not ship the 
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goods in accordance with the directions in the purchase order, refused 
to make reasonable adjustments, or for any other reason failed to 
sive satisfactory service, it is entered on his record under remarks. 
The vendor's record is not intended to take the place of the usual 
sources of information regarding the reliability of the vendor and his 
ability to fulfill his contract, but rather to supplement them. 

The purchasing department of every concern is constantly receiv- 
ing catalogues and circulars relating to materials for which the com- 
pany normally 1s in the market. These catalogues contain much infor- 
mation of value to the buyer and sometimes indicate sources of supply 
which have not been used previously. Unless they are properly con- 
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FIG. 69 
A VENvor's ReEcorp 


trolled, they are soon lost or they are not readily available. Most 
well-organized purchasing departments regularly index and file the 
catalogues for which they have any use, and place them under the 
control of a file clerk who is responsible for them. 

In addition to the foregoing, all completed purchase orders are 
filed. Usually the essential information relating to the fulfillment of 
the contract is indorsed on the order. It is then filed according to 
order number. 

Other Sources of Information. In addition to the information which 
the purchasing agent can obtain from these records, he must keep him- 
self thoroughly informed regarding the condition of markets and the 
trend of business. Regardless of the nature of the purchase control 
which is used, he can save considerable sums of money for the com- 
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pany by advising his superiors regarding impending price changes 
of which the company can take advantage in the purchase of mate- 
rials. Today, there are a number of nationally known concerns whose 
sole business is to sell economic information and advice relating to 
the trend of business. Every great industry has its trade journals, 
many of which carry current quotations on its principal materials in 
addition to other trade information of interest to the buyer. The 
purchasing agent must spend considerable time in studying such 
sources of information. 

In organizations which do not have some central statistical depart- 

ment, the purchasing department often keeps its own statistical records. 
Business and price information is recorded and represented graphically. 
The price trends of the principal materials used by the plant and the 
actual results of purchasing are plotted. A graph of this kind is 
shown in Tig. 70. Without such information, it may be difficult for 
the purchasing agent to form an intelligent opinion of probable move- 
ments. While the movements of production and prices in individual 
industries tend to conform to the movements of the general business 
cycle, actually they may move considerably ahead or behind it, due 
to conditions which are peculiar to the industry. 
Types of Contracts. When the purchase requisition has been received 
by the purchasing department and the foregoing sources of information 
regarding markets and sources of supply have been studied, the type 
and form of contract to be used must be determined. The two most 
common types of contracts are (1) the individual contract and (2) the 
blanket contract. 

The individual contract or purchase order covers a particular ship- 
ment of material. Such questions as price, time, and conditions of 
delivery and the other factors which affect the making of the pur- 
chase contract are settled at the time the order 1s placed and are incor- 
porated in the purchase order. They apply only to the shipment under 
consideration. 

The blanket contract covers the delivery of a supply of material, 
usually over an extended period of time. It is used when it is desirable 
to cover the material requirements of the plant for a given item con- 
siderably in advance of manufacturing. It insures that the plant will 
have an adequate supply of material regardless of the condition of 
supplies in the open market. To illustrate, a certain company may be 
a large consumer of pig iron. The price of pig iron has been declining 
steadily for a number of months. As a result of his study of general 
business conditions and conditions in the iron and steel industry, the 
purchasing agent has concluded that the price of pig iron will not go 
much lower and that shortly it will start on an upward movement 


Material 


2 
+e) 
© 
fy 
© 
© 
wt 
fa 
Ay 


*QT teqg 00Tig 





FIG. 70 
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that probably will continue over an extended period in the future. Te 
recommends to the materials committee that a policy of forward buy- 
ing of pig iron be authorized. If his recommendation is approved, the 
purchasing agent probably will proceed to place contracts for a quantity 
of pig iron sufficient to meet the needs of the plant for the coming 
manufacturing period, or a longer period if such action is authorized. 
In this case, probably a flat price would be established for the contract. 
Shipments would be made when released by sub-orders issued under 
the contract. In this manner, the purchasing agent has secured for 
the plant a sufficient supply of material in advance of increasing busi- 
ness activity at a price which is favorable. 

Price Clauses in Contracts. Contracts differ with regard to their price 
clauses. The most familiar of these are (1) the flat price contract, 
(2) the cost-plus contract, (3) market at time of shipment, and (+) 
contracts with penalty clauses. 

In the flat-price contract, the vendor and the vendee agree on a 
price which applies to the whole contract. If the price of the item 
goes up, the vendee profits thereby. If the price drops, he suffers. 

With the cost-plus contract, the buver agrees to purchase at the 
cost of producing the item plus an agreed percentage of profit. The 
buyer has the right to inspect the books of the seller to verify the cost 
statements. ‘This type of contract was common during the war and 
post-war periods when price conditions were very unstable. Its use 
was particularly prevalent in the building industry because the prices 
of building materials and labor were advancing so rapidly that it was 
impossible to make a cost estimate which could be relied on for any 
great length of time. On the surface the arrangement appears to be 
perfectly fair. Usually it leads to abuses. It gives an incentive to the 
producer to increase rather than reduce costs. ‘There are so many wavs 
in which costs can be increased without any such intent appearing in 
the cost records, that the buyer is likely to suffer unless the seller is 
more than ordinarily honest. For this reason, any considerable use of 
this type of contract is found only during a sellers’ market that is 
unusually pronounced. 

The purchase contract may read “market at time of shipment.” 
This method of price determination is often used in connection with 
blanket contracts. It means that shipments of the quantity ordered 
are released by sub-orders under the blanket contract, the price at 
which each shipment will be billed to the company to be determined 
at the time of shipment by current quotations from some agreed 
source. This arrangement insures that the plant will have an adequate 
supply of material as it needs it. It precludes the possibility of a specu- 
lative loss due to falling prices, except as the result of competition 
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from other manufacturers who have bought or sold successfully on the 
market. 

The use of penalty clauses in purchase contracts usually is intended 

to insure delivery as promised or quality within the limits demanded 
by the material specifications. In some industries, a serious problem 
with which the purchasing department has to contend is the delay of 
shipments either in transit or as the result of the failure of the vendor 
to meet his pronused shipping date. In many purchasing organizations 
there is a follow-up clerk whose principal work is following up 
delayed orders. A delayed shipment often will result in costly delays 
to production in the shop. To avoid such delays, a penalty clause may 
be included in the contract which will permit the purchaser to make 
certain graduated deductions from the invoice, depending on the length 
of time that the shipment is delayed beyond the agreed delivery date. 
In other cases, failure to meet the promised date gives the purchaser 
the right to cancel the contract. In addition, there are instances where 
penalty clauses have been included which permit the purchaser to make 
deductions from the invoice, depending on the extent to which the 
shipment fails to meet the standard of quality agreed upon in the 
purchase contract. 
The Request for Bids. After such questions as prices, requirements, 
sources of supply, and contracts have been considered, requests for bids 
may be sent to certain vendors. Often the form of the request is 
similar to that of the purchase order. It insures that the information 
on which bids are to be based will go to all vendors in exactly the 
same form, and furthermore that it will be in approximately the same 
form in which it will appear later in the purchase order. 

Requests for bids are not sent out for all purchases. When the 
plant's demand for certain material 1s very urgent, a purchase order 
may be made out and sent immediately to some vendor in whom the 
purchasing agent has confidence. 

Quotations. In selecting bids, the nature of the quotations must be con- 
sidered and all must be reduced to a comparable basis. Sometimes 
the buyer must purchase an advertised article whose price is main- 
tained. While a direct reduction from the quoted price may not he 
possible, in some instances it may be possible to induce the vendor to 
prepay the freight which reduces the cost of the item. Occasionally, 
if the buyer's business is sufficiently tempting, the vendor may agree 
to bill at his quoted price. with the understanding that the buyer will 
he allowed a rebate. The vendor gets the business, technically without 
having reduced his quoted price. While there may be some question 
regarding the ethics of the practice, it is the business of the buver 
to get the best price that he can, with due regard for delivery and 
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quality. Often the buyer is quoted a list price less certain trade dis- 
counts. I*or instance, he may be quoted list price less 10-10-5. This 
means that from the list or catalogue price the purchaser may deduct 
a discount of 10 per cent, from the remainder another discount of 10 
per cent, and from the final remainder a discount of 5 per cent. One 
reason for such quotations is that it reduces the necessity for revising 
the catalogue whenever any considerable fluctuation in market prices 
occurs. If prices rise, a new discount list can be issued in which the 
discounts are reduced. In the case of vendees whose purchase volume 
warrants it, these discounts may be adjusted sufficiently to get their 
business. 

In addition, most concerns offer a discount for prompt payment of 
bills. The usual discount is 2 per cent for payment within ten days. 
The Purchase Order. When the quotation has been selected which ap- 
pears to the buyer to be the most favorable in view of the terms of 
delivery, quality, and price offered, the buyer writes a purchase order 
which is forwarded to the vendor after receiving the approval of the 
purchasing agent. Fig. 72 is an example of a purchase order. It 
does not become a contract until it has been formally acknowledged 
and accepted by the vendor. Some purchasing departments use a special 
acceptance form which is attached to the purchase order. Upon receipt 
of the order, the vendor fills out the acceptance form and returns it 
to the purchasing department. Usually a number of copies of the 
purchase order are written and distributed to various interested depart- 
ments, such as accounting, receiving, the follow-up section of the pur- 
chasing department, the balance of stores department or others depend- 
ing on the purchase routine. 

The nature of the information found on the purchase order 1s 
indicated below. 


(1) Name of goods. 
(2) Quantity desired. 
(3) Specifications. 
(4) Terms. 
(5) Delivery. 
(a) Receiving point. 
(b) Shipping directions. 
(c) Directions for marking. 
(d) Reservation of right to cancel order in case of nondelivery as 
specified. 
(6) Order number. 
(7) Date of order. 
(8) Signature of purchasing agent or other responsible officer. 


The Invoice. When he has filled the order and has delivered the goods 
to the railroad company or other carrier, the vendor sends an invoice 
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Courtesy---The Seiberling Rubber Co. 
FIG. 72 
A PURCHASE OrvER—--ORIGINAL Copy 
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to the purchasing department. ‘The invoice is merely a written notice 
that in accordance with the terms of the contract the vendor has 
rendered certain goods or services and demands payment therefor. 
It is the vendor’s statement of the amount and kind of the goods and 
services rendered and the terms of the purchase contract. The nature 
of the information which it contains is indicated by the form shown 
in Fig. 73. 
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Courtesy—The Goodyear Tire & Rubber Co. 
FIG. 73 


AN INVOICE 





When the invoice is received, the invoice clerk attaches an invoice 
flag to it, to be used in checking the invoice. It furnishes a record of 
the action taken on the order. In some cases, a form may be rubber- 
stamped on the back of the invoice for the same purpose. The invoice 
is checked against the purchase order to determine its correctness and 
the results noted on the flag. Similarly, when the report of the re- 
ceiving department is received, it is checked against the purchase order 
and the invoice. Other entries may be made, but these indicate suff- 
ciently the purpose of the invoice flag. 

Discounting Bills. An important entry on the invoice flag 1s the dis- 
count date. A reputation for discounting bills has a very favorable 
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effect on a firm's credit standing. Furthermore, a discount of 2 per 
cent for payment within ten days is at the rate of 36 per cent per 
annum, As a result, most concerns will borrow money from their 
banks in order to discount their bills. The invoice clerk must watch 
the discount date for each bill to make sure that the company does not 
lose the right to discount the bill because of some delay in receiving 
and inspecting the goods or in approving the invoice for payment. In 
fact, when dealing with a trusted vendor, bills often are paid and dis- 
counts taken before the inspection of goods. 


INVOICE RECORD 
NAME 


Date Rec'd | Duplicate Passed | Duplicate Ret'd | Orig. 


Courtesy—-The Van Dorn Tron Works. 


FIG. 74 
An Invoice ReEcorp 


The Bill of Lading. The bill of lading is the receipt which is given 
by the railroad or other carrier to the vendor for the goods which have 
been turned over to it for shipment. It is made out by the vendor and 
signed by the freight agent. One copy goes to the vendee, one to 
the carrier and travels with the shipment of goods, and the third is 
retained by the vendor. 

The vendee's copy comes to the purchasing department with the 
invoice and is turned over to the receiving department. When the 
shipment is delivered, the receiving department turns its copy of the 
bill of lading over to the carrier and receives the goods. 

Fig. 75 shows an example of a bill of lading. It is not used for 
goods shipped by express or parcel post, although instruments serving 
similar functions are used. 
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Closing Out the Purchase Order. When the shipment has been re- 
ceived and the goods and the invoice found to agree with the purchase 
order, the invoice is certified by the invoice clerk to the purchasing 
agent for payment. <A voucher for the payment of the invoice is 
written. A voucher is a properly approved authorization of payment 
and a request for the issue of a check to the vendor. The purchasing 
agent approves the invoice and signs the voucher, ‘These papers are 
forwarded to the accounting department. After any necessary records 


have been made, the voucher is forwarded to the treasurer's office, 
from which a check is issued to the vendor. This closes out the order 


as far as the purchasing department is concerned. 
The above routine is merely illustrative. While it is fairly typical, 
the routine for any given company must be developed to meet its par- 


ticular conditions. 


CHAPTER XVII 


THE CONTROL OF MATERIAL 
INVENTORY CONTROL—STANDARDS—SALVAGE 


The Balance of Stores Department. The balance of stores department, 
or stores record section as it is sometimes called, is responsible for the 
clerical control of inventories. The department may be composed of 
two sections—the ledger section and the order section. The ledger 
section maintains records of material inventories. It apportions mate- 
rial against orders. It posts the material requisitions and credits to the 
stores ledgers. It may price them and extend their values. When the 
available supply of a given item of material falls to the ordering point, 
it notifies the order section, which initiates the procurement of a new 
supply of the material and follows the work of procurement to see 
that the material is in stores before the supply on hand is exhausted. 
This and similar work constitute the field of the balance of stores 
department. To perform its functions properly, it should receive some 
evidence of every transaction which affects the value or disposition of 
the material inventories. 

The Stores Ledgers. The principal advantages of a good ledger con- 
trol inventories are: 


(1) It assists the production organization in the planning of production. 

(2) It aids in reducing the number of delays to production resulting from lack 
of material. 

(3) It facilitates the work of the stores department in the filling of requisitions 
and the delivery of material. 

(4) It tends to reduce interest charges by holding inventories to a minimum. 

(5) By so doing, it aids in reducing the losses from the depreciation and 
deterioration of inventories, 

(6) It aids in coordinating the work of inventory control and purchasing. 

(7) It aids in coordinating more closely the work of materials, production, 
and cost control. 

(8) It reduces or eliminates the cost of physical inventories. 

(9) By watching consumption figures, often it 1s possible to reduce the number 
of items carried in stores by eliminating many that are unnecessary. 


Therg are two distinct types of stores ledgers—the Barth type and 
the Gantt type. Most of the better ledger sheets in use today are de. 
velopments or variants of these two types. 

lig. 76 is an example of a Barth ledger sheet. The “On Order” 
column is intended to coordinate the work of purchasing and inventory 
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control. The ‘On Hand” column furnishes a current record of the 
inventory of the particular item of material. In addition, it furnishes 
a record from which the usage of the item can be determined. The 
*Apportioned” column is intended to correlate the work of planning 
and inventory control. It shows the amount of material which has 
been set aside against orders which have been planned, but not yet 


BALANCE OF WORKED MATERIALS _ 
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Courtesy—Winchester Repeating Arms Co. 
FIG. 76 
Tuk Barris Lepunr Super 


put in process. It insures the availability of the material when it is 
needed. The “Available” column shows the amount of the item which 
is available for new orders. When a purchase order for the item is 
placed and accepted, the purchase order number, date, and quantity 
ordered 1s entered in the “On Order” column. At the same time, this 
information is entered in the “Available” column. If the minimum 
ordering quantity has been fixed properly, the quantity ordered will 
be in stores before the present supply is exhausted, unless unusual 
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conditions arise. Consequently, it is available for apportionment 
against new orders. When the order is received, the quantity is de- 
ducted from the amount on order and is added to the total quantity in 
the “On Hand” column. When a requisition’ is apportioned, the 
quantity required to fill the requisition is added to the total quantity 
in the “Apportioned”’ column, and at the same time it is deducted from 
the total in the “Available” column. While the quantity on the requisi- 
tion has not yet been delivered from stores, it is no longer available 
in connection with the planning of new orders. When the requisition 
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BALANCE OF STORES CARD 


Courtesy—John A. Fisher. 
FIG. 77 
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is presented to the storeroom, the required material is delivered and 
the requisition is forwarded to the balance of stores department. 
When it is received, the ledger clerk posts the requisition to the ledger 
sheet for the particular kind of material. He deducts the quantity on 
the requisitions from the totals in the “On Hand” and “Apportioned” 
columns. When a requisition is received which has not been appor- 
tioned previously, the quantity issued is deducted from the totals in the 
“On Hand" and “Available” columns. The accuracy of the entries 
can be checked at any time. The quantity on order plus the quantity 
on hand should always equal the quantity apportioned plus the quantity 
available. The ledger shects are filed by classes of materials and the 


1 See page 257. 
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numbers or symbols for each individual item of material. Tf no num- 
ber or symbol system has been developed, they may be filed alphaheti- 
cally within each class. 

In the Gantt System, there is a card for each purchase order for 
each item of material. The cards for a given item are filed together in 
sequence of order numbers. The cards for the various items of ma- 
terial are filed according to material classes as previously indicated. 
When material is issued, the quantity on the requisition is deducted 
from the card for the oldest order. The requisition is priced at the 
unit price of this order. When the quantity on this card has been used 
up, further issues of the material are deducted from the card for the 
next oldest order. In the case of material procured by manufacture, 
the cards would be handled in the same way, the cards for a given item 
of material being filed according to production order numbers. Fig. 
77 shows a Gantt ledger card. Jn its original form, the ledger card 
has no space for apportioning material against production orders. 
Where there is a fairly steady use of the material, it may not be neces- 
sary. In many cases, such a condition is more the exception than the 
rule. To get an idea of the availability of material, it would be neces- 
sary to compare the amounts on hand and order as shown by the cards 
for a given item, with the requirements for the item on orders planned 
but not yet in process. Such a procedure would be too cumbersome 
to be practical. As a result, in some cases an “‘Apportioned” column 
has been added to the card. 

The Control of Inventory Values. In some plants the stores ledgers 
are used only for quantity control. In such cases there may be no 
direct connection between the stores ledgers and the general books of 
the company. The chief function of the stores ledger is to serve the 
needs of the production organization. However, it is better to link up 
quantity control and value control in the stores ledgers and to tie them 
into the general and cost-accounting systems. To do this, the unit 
value of each item of material must appear on the stores ledger sheets. 

There are three methods of pricing stores requisitions and credits. 
They are (1) the average unit-price method, (2) the lot-price method 
and (3) the market price method. 

With the average unit price method, each requisition is priced at 
the average cost of the material on hand. The advocates of the method 
feel that. inasmuch as the use value of each piece of a given material 
is the same regardless of when it was bought, it is incorrect to charge 
a higher material cost for one order than another merely because of 
fluctuations in prices. The price and cost columns under the heading 
“On Hand” on the Barth sheet, are intended for use with this method. 
When the purchase order routine has been completed and the invoice 
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has been approved for payment, the purchasing department forwards 
to the balance-of-stores department a memorandum giving the quantity 
on the order, the unit price of the material, total cost, and any other 
information which may be required. When this memorandum is re- 
ceived, the ledger clerk enters the price and cost information opposite 
the quantity received on the order, under the heading “On Hand.” 
The quantity received may have been entered previously from the 
material-received sheet. In this case some adjustment may be neces- 
sary 1f part of the order already has been issued to the shop. The 
quantity on hand previous to the receipt of the shipment is multiplied 
by the old average unit price and its cost extended. The cost of the 
shipment 1s added to this cost, and total value is divided by the new 
total quantity on hand to get the new average unit price. As requisi- 
tions are received subsequently, the ledger clerk enters the new average 
unit price on each requisition until the receipt of another shipment 
again changes the unit price. If the material is procured from the shop 
on a production order, the unit cost and total cost of the order will be 
received from the cost department. Otherwise the procedure is the 
same, 

The Gantt ledger cards are intended for use with the lot-price 
method. As in the previous case, the balance-of-stores department 
receives from the purchasing department a memorandum of the unit 
price and total cost of an order of a given item of material. This 
information is entered on a ledger card for that order. As requisitions 
for the material come to the ledger clerk, they are priced at the unit 
price of the oldest order on hand. When the quantity on that order 
is used up, further requisitions are deducted from the card for the next 
oldest order. The requisitions are priced at the unit price on that card, 
which may be considerably different from the price on the previous 
card. In favor of this method, it may be said that, theoretically at 
least, the oldest material in stores is always used up first. The material 
cost of an order tends to approximate more closely the actual cost of 
the material used for it. At times, the use of the lot price may cause 
greater fluctuations in material costs than under the average unit-price 
method. 

Under the market-price method of pricing, the stores requisitions 
and credits are priced at the market price of the material at the time the 
material is issued. Monthly, or if necessary more often, the pur- 
chasing department submits to the balance-of-stores department a list 
of the current market prices of the items of purchased material carried 
in stores. As material is purchased, it is charged into the inventory 
controlling accounts of the general ledgers at the invoice price. As 
material is issued, it is credited to these accounts at the market price. 
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The unit prices on the stores ledger sheets are the current market 
prices. All requisitions and credit slips are priced at these prices. 
When a physical inventory is taken at the close of a period, this in- 
ventory also is priced at the current market prices. The balance of 
the inventory controlling accounts, less the market value of the inven- 
tories on hand, is the amount of profit or loss which has resulted from 
the operations of the purchasing department. The objection to this 
method is that it may tempt the management to use the purchasing de- 
partment for the purpose of acquiring speculative profits. J*urther- 
more, the cost records will not show the actual material costs of orders 
processed in the shop. Usually, this is not considered desirable from a 
managerial standpoint. 

Inventory-controlling Accounts. As stated previously, the materials 
division is interested in the procurement and control of material in- 
ventories which may be classified as general stores, worked materials, 
component-parts stores, finished stores, salvage stores, and unclassified 
stores. Usually, inventory-controlling accounts are set up in the gen- 
eral ledyer on the basis of some such classification. The controlling 
accounts are summaries of the accounts in the stores ledgers for the 
individual items of material. Of these accounts, the materials division 
is least interested in worked materials, for the reason that work-in- 
process is not usually put into stores. The work-in-process accounts 
are the cost records. In plants carrying large and varied inventories 
there will be a number of controlling accounts in each of the general 
classifications indicated above. Fig. 78 shows part of a classification 
of such accounts. Where the inventories have been properly classified 
and symbolized, it is better to arrange the sheets or cards in the stores 
ledgers according to the controlling accounts in which the individual 
items fall. If the symbol system has been properly devised, the sym- 
bol for a given item of material will show the controlling account under 
which it falls, and will automatically locate the proper sheet for the 
material in the stores ledger, facilitating the posting of requisitions 
and credit slips. 

As the material requisitions and credit slips are received by the 
ledger clerk from the stores department, they are entered in the ledgers 
and priced as previously explained. They are then turned over to 
clerks who extend on each requisition and credit slip the value of the 
material withdrawn. The correctness of the extensions is checked by 
other clerks who sort the requisitions and credit slips by controlling 
accounts and take off the total for each account. The requisitions for 
each account are bundled together, with a memorandum showing the 
total value of the requisitions in each bundle, and are forwarded to the 
accounting department. The credit slips are handled in a similar 
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SB Stationary 

s¢ Copper 

SDK Flat Cutlery (Special Stores)Raw Material 

SiheP Pocket Cutlery (Special Stores)Raw Matcrial 

SD-S Scissors and Shears (Special Stores) Raw Material 

SE Coal 

SFC Auger Bits,Chisels, Carpenters.HammersaScrew Drivers 
(Special Stores)Raw Material 

SF-K Planes (Special Stores)Raw Material 

SF~L Machinists Hammers (Special Stores) Raw Material 

SF-R  Wrenches,Pliers (Special Stores)Raw Material 

SG-B Gun Bags - Cloth and Paper 

SG-K Gun Lumber 

SG-L Gun Labels 

SG-N Gm Steel 

SG-W Gun Wooden Packing Cases 

SG-X Gun Paper Packing Boxes 

SH-A Tsol Blanka 

SH-B Forging Dic Blocks » Heppcnatahl 

SH-C Carbon Drill Rod and Class 4 Stee} 

SHeD Cless 6 Stecl 

CHE «Nut piercing Steel Class F - Midvale 

SHeF Finishing Steel,Class 3A and 33 Steel 

SH-H High Speed Drail Rod 

SH+§ 2268 1 Steel 

SH-V Samson and Awk Vanadian Steel 


SJ Ceneral Hardware 
SK-B Cartridge Labels 
KeD Lead 


SK-E Cartridge Crucibles 

SK-L Weds and P.S.S.Companents 

OKeM Cartridge Metais and their Alloys 

OK-P Powder and all Explosives 

SK-W Cartridge Wood Packing Cases 

OK-X Curtridge Paper Boxes 

SKke¥Y Cartridge Machine Parts 

Si Builders Hardware (Special Stores for) 

SM Household Goods (Special Stores for) 

SN Paints,Oile and Auto Ace.,( Special Stores for) 

SP-L Flashlights and Batteries (Special Stores )Raw Material ; 
SPB Bait, Fishing Aece, Striqgere,Disgorgzers Etc.(Spl.Stores) Raw Material 
Sp-R Prvls and Rods (Cpecial Stores )Raw Material 

SR Re jcctcd Goods 

SS Spclter 

ST-A Miscs,Tools 

ST-B Abrading Tools 

ST-C  Glamps and Hoiding Devices 


FIG. 78 
A CLASSIFICATION OF STORES CONTROLLING ACCOUNTS 
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manner. In the accounting department, the totals for each bundle are 
checked and posted to the proper controlling accounts. ‘The requisi- 
tions are then forwarded to the cost department. In the cost depart- 
ment, they are resorted according to the order number appearing on 
the requisition or credit slip. The slips for each order number are then 
posted to the cost card for that order. 
Units of Issue. On the ledger card or sheet will be found the term, 
“Unit,” which refers to the unit of issue. To illustrate, certain kinds 
of steel may be bought by the pound, but may be issued to the shop 
by the foot. Obviously, the unit price which appears on the ledger 
sheet must be the price in the unit in which the material is issued, not 
the price in which it is purchased. This means a conversion of units 
which introduces a certain amount of error which cannot be avoided. 
Again from the standpoint of economy in handling in the storeroom, 
it may not be advisable to issue small items of low unit value indi- 
vidually. For instance, it may be better to put up small screws in lots 
of twenty-five and issue them in these lots rather than to fill requisi- 
tions for odd numbers of screws. The time of the stores clerk which 
would be consumed in counting out the screws would be worth more 
than the value of any screws which could be saved. On the ledger 
sheet, the unit price of these screws would be the cost of twenty-five 
Screws. 
The Material Requisition. The material requisition, or stores issue as 
it is called in some cases, is the written authority for the withdrawal 
of material from stores. It transfers the responsibility for the material 
from the materials division to some other department and charges it to 
a particular order. When the requisition is received in the balance- 
of-stores department, the ledger account for the material is credited. 
Elsewhere, some other account is charged. To illustrate, if the mate- 
rial is for some production order, the requisition will be the basis for 
an entry on the cost card for the order, when it is received in the cost 
department. Fig. 79 shows a material requisition and indicates the 
information usually found on it. The material symbol identifies the 
material and the account under which it is carried in stores. The term 
“location” refers to the location of the material in the storeroom. 
If orders are preplanned, the location symbol, shown on the ledger 
sheet, will be entered on the requisition when the order is apportioned. 
In large plants, the storeroom may cover a considerable area. There 
are hundreds of bins in which are materials of all kinds. The location 
symbol facilitates the work of the stores clerks in filling the requisition. 
The information, “Deliver” and “Date Wanted,” is used when 
the stores department delivers the material to the department which 
requires it. In the case of material for production, the planning depart- 
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ment, in planning an order, may enter on the material requisition the 
department which will require it and the date when the material should 
be delivered. After it has been apportioned, the requisition is for- 
warded directly to the stores department and filed in a tickler file 
against the date when the material is to be delivered. On this date, the 
requisition is taken out of the file, is filled by the stores clerks, and 
is delivered to the department by the internal transportation system. 
When the material is delivered, the requisition is receipted by the shop 
foreman and returned to the storeroom which forwards it to the bal- 
ance of stores department. 

In the space “Charge” is entered the order number to which the 
material is to be charged. At the bottom of the requisition are a num- 
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ber of check blocks for checking the progress of the requisition through 
the clerical operations which are performed on it. 

The material requisition may originate from two sources—the plan- 
ning department or some authorized executive. .\s explained in Chap- 
ter 10, part of the work of the planning department may be to write 
requisitions for material required for new orders. These requisitions 
are forwarded to the halance-of-stores department to be apportioned. 
After apportionment, they are returned to the planning department. 
At the proper time, the planning department dispatches the requisitions 
to the department which requires the material or to the stores depart- 
ment, depending on the system in use. Requisitions for certain classes 
of material are originated by certain authorized executives. In the 
case of such expense materials as waste, used by the employees in clean- 
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ing their machines, the requisitions usually are written by the shop 
foreman when he needs them. In some plants, all requisitions are 
written by the executives as they need materials or supplies. Obvi- 
ously, the control of materials 1s less complete 1n such cases. 

The Stores Credit Slip. Sometimes all of the material withdrawn for 
use on an order is not consumed. This material should be returned 
to stores with a “stores credit” slip, an example of which is shown in 
Fig. 126. This slip credits the order for which the material was 
withdrawn and charges the stores ledger account for the material. A 
more common case is the delivery to stores of finished component 
parts or finished product. In this case, the stores ledger account 1s 
charged and the work-in-process account, as shown by the order num- 
ber, is credited. The information contained on the stores credit slip is 
similar to that on the material requisition and it is handled in much 
the same manner. The credit slip for worked material is usually so 
designed that it can be easily distinguished from the ordinary credit 
slip. 

Handling Unclassified Material. Unclassified stores includes all 
material not stocked regularly by the stores department. .\ piece of 
machinery may be purchased for the shop or equipment for the office. 
While such material probably will not be carried regularly in stock, the 
materials division is responsible for it until it is delivered to the de- 
partment where it will be lodged permanently. The receipt and dis- 
position of all material purchased by the plant must be recorded. 
Another shipment of the same item may never be received again. 
Therefore, it is a waste of time to make out a ledger sheet for the 
shipment. For this reason, some concerns use a copy of the purchase 
requisition as a ledger sheet for unclassified purchased material. This 
copy has on its back a printed form which permits its use in place 
of the regular ledger sheet. It shows merely the receipt of the mate- 
rial, quantity, value, and disposition. For the most part, unclassified 
material is not kept in the storeroom for any great length of time. It 
is moved to the department for which it is intended as soon after its 
receipt as possible, in order to get it out of the way. Unclassified manu- 
factured material may be handled similarly by means of a copy of the 
manufacturing requisition. 

Physical Inventories. In order to take inventory, many concerns 
close down annually or semiannually for periods ranging from two 
days to two weeks, depending on the size of the plant and the thorough- 
ness with which the work is done. At such times, a count of all mate- 
rials, supplies and work-in-process is made. In most cases, the 
inventory is anything but exactly accurate. If the stores ledgers are 


. "Special provision must be made for handling miscellaneous unclassified material. 
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checked continuously against actual stocks in the storeroom,’ the inven- 
tories shown on the ledgers will be more accurate than the average 
physical inventory. Many concerns, using modern balance-of-stores 
methods, do not take physical inventories of materials and supplies, 
saving thereby considerable inventory expense and valuable production 
that would otherwise be lost. 

The Relations of the Balance of Stores to the Planning Department. 
There is a close relation between the work of the balance-of-stores 
department and the work of the planning department. In the course of 
the day, the two are in constant contact. For this reason, the stores 
ledgers are placed under the control of the planning department in some 
organizations, In the organization which has been developed for 
illustrative purposes, a separate division has been set up for the han- 
dling and control of material problems. Under such conditions, it is 
better that the stores ledgers be placed under this division. If the 
responsibility for the control of materials is to be placed on the mate- 
rials division, it should have jurisdiction over the chief instrument for 
their control, the stores ledgers. 

The Standards Section. The standards section is responsible for the 
determination of standards and methods for the materials division. If 
the organization has a methods manager, much or all of this work may 
be done under his direction. If it does not, it may be necessary to 
set up some such organization as the standards section, to insure that 
there will be an orderly, logical development of methods and standards 
for the materials division. The extent to which a function 1s de- 
veloped depends on the size of the plant and the nature of the problem 
as well as the nature of the function. In the average plant, 1t may be 
sufficient to place the responsibility for the development function on 
some one individual, such as an assistant to the materials manager, 
rather than to set up a separate section. 

The standards section may perform such work as the control of 
material specifications, the determination of maximum and nuimimum 
ordering quantities, the symbolization of materials, the development 
of stores methods, and similar work. 

Maximum and Minimum Ordering Quantities. The minimum order- 
ing quantity is intended to indicate when the stock of a given material 
is running too low. When the quantity in the “Available” column of 
the stores ledger sheet falls to the minimum ordering quantity, the 
order clerk of the balance-of-stores department is notified by the ledger 
clerk and a purchase requisition is placed with the purchasing depart- 
ment. In the case of purchased materials, the ordering point depends 


1 See page 286. 
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on the rate at which the material is being consumed and the time re- 
quired to procure a new supply. 
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LINE OF CONSUMPTION 





TY) - Time required for production. 


T° Time required for consumption. 


FIG. 80 
THE CURVE OF MANUFACTURING 


Fig. 80 indicates the relations governing the manufacture of a 
given quantity of material. In the diagram,’ 


R = the minimum ordering point. 

R,= the theoretical minimum ordering point. If an order for a new supply of 
material is placed when the quantity available is reduced to this point, the new 
supply will be received at the time when the quantity available is entirely exhausted. 

Re= a reserve stock to meet such contingencies as delays in the delivery of 
material. 

( = the minimum cost quantity or ordcring quantity, expressed in pieces. 

Ti= the time required to manufacture a new supply of the material, expressed 
in years. 

M = the rate at which the quantity is manufactured, expressed in pieces per 
year. 

S = the rate at which the material is being consumed, expressed in pieces per 
year. 

Then, R; = ST; and T,; = Q/M. If F is a factor, representing the ratio of R 
to Ry, then, 

R —_ FR, 
= FST, 


M 
With many concerns, the determination of the minimum ordering 


quantity 1s a matter of cut and try. Hlowever, their results tend te 
1 Sec article by author, “ Manufacturing Industries,” April, 1925. 
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conform to the above relation. For purchased material, the time re- 
quired to procure a new supply depends on the time required to origi- 
nate a purchase requisition, go through the routine of purchasing, 
possibly produce the goods in the plant of the vendor, ship the goods to 
the vendee's plant, and place them in stores. It will vary from a matter 
of days to months, depending on the nature and location of the source 
of supply and the character of the material.t In the case of manu- 
factured materials, the time required for procurement depends on the 
time required to originate a manufacturing requisition, get the order 
through the planning department, manufacture and place the material 
in stores. The rate at which the material can be produced is an im- 
portant factor. 

The maximum ordering quantity, Q, is the greatest quantity in 
which the material is normally ordered. It should also be the quantity 
which can be manufactured at the least unit cost. It depends on the 
rate at which the material is consumed, the time required for the 
procurement of the quantity, the preparation cost of manufacturing, 
the cost of storage and similar factors. The smaller the quantity manu- 
factured, the less are the interest charges, the cost of storage and 
handling, and the danger of deterioration, depreciation, and loss, The 
amount of capital tied up in inventories is smaller. On the other hand, 
the smaller the quantity manufactured, the greater will be the unit 
preparation cost of manufacturing. If the quantity manufactured on 
an order 1s too large, the interest and storage charges on the quantity. 
while it 1s gradually being withdrawn from stores, will be so great that 
the unit cost of the order will be high. On the other hand, 1f the 
quantity manufactured is too small, the unit cost of setting up and 
adjusting the necessary machinery and preparing to manufacture will 
be too high. Somewhere between these two conditions, there 1s a 
quantity which can be manufactured at a minimum unit cost. Tt can 
be demonstrated that the quantity which can be manufactured at least 
unit cost Is, 


A 


in which A is the preparation cost of manufacturing, K 1s a constant 
representing the influence of the interest charges, and H 1s a constant 
representing the influence of the storage charges.” Other things being 
equal, the quantity that can be manufactured at least umit cost varies 

' For a discussion of the ordering point for purchased material, see article by author 


in Manufacturing Industries, May, 1927. 
*Sce article by author in the August, 1926, issue of Manufacturing Industries. 
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directly as the square root of the preparation cost of manufacturing 
and inversely as the square root of the interest and storage charges. 

The influence of the interest charge depends, 1n part, on the rela- 
tion of the time when the old stock is completely exhausted to the 
time when the new stock is completely manufactured. In other words, 
it depends on the value of F. The following table gives the correspond- 
ing values of F and K. 





F K 
0.25 gas | atom Ci 
0.50 Se 
0.75 Be a CT 
1.00 _— CT 
1.50 acy C'I 


In the ieee: $i. equations for “K''— 


C’= The standard unit cost of the item. 
I= The current rate of interest, expressed in dollars per year. 


Similarly, the influence of the storage charge also depends on F. 
The following table gives the corresponding values of F and H. 
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F H 


(M — 0.55) 





0.25 
MS BE 
0.50 Be 
» 
(NI (MI + 0. 0.55) 
0.75 
NS BE 
(M+ 6 a 
1.00 a" B 
(M +- 1.25S) 
1.25 ———— 
MS BE 
1.50 (M?+ 1.5MS + 0.55?) BE 


MAS 


In the above equations— 


B = bulk factor, expressed in square feet of net storage space 
required per unit of item. 

I. = storage charge, expressed in dollars per square foot of net 
storage space per year. 


The following example will illustrate the method of determining 
the ordering quantity. The piece being manufactured is small, so that 
about 200 pieces can be stowed in a bin having a cubical content of 
approximately one cubic foot. There are eight tiers of bins in each 
bin stack. In this case the standard depth of bin is assumed to be one 
foot to simplify the problem. Therefore, 


/ 
B= 500x8 


0.000025 sq. ft. of net floor space per piece. 


The term net floor space means the net usable floor space, exclusive 
of aisles, steel bin frames, and similar dead space, against which all 
direct and indirect storage charges must be resolved. 


E = $3.00 per sq. ft. per year. 
M = 50,000 pieces per year. 
S = 2,000 pieces per year. 


Let us assume that pieces from the new lot will be available in stores 
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when manufacturing has been about one half completed. Under these 
conditions, F =0.5. Assume also that C’= $2.50, I= $0.06 and 
A=$200. Then, 


BE __ 0.000625 x 3 








H = S or 2,000 
= 0.000000938, and, 
C’l 2.5 x 0.06 
K =—~ 0 


28 2x 2,000 
= 0.0000375. Therefore 


_ A ae = 200 
K+H 0.0000375 + 0.000000938 


= 2,280 picces, approximately. 





In a very few plants is the quantity to be manufactured determined 
in a rational manner. In most cases, it is a matter for the experience 
and judgment of some executive assumed to be competent in such 
matters. Yet the proper determination of ordering quantities is a 
vital factor in the turnover of working capital and the economy of 
manufacturing. In some instances an effort 1s made to determine 
whether ordering quantities are too high or too low and to control 
inventories by recording graphically, the monthly figures of consump- 
tion and stocks on hand for each of the important items of material 
carried in stores. 

A technique, similar to that explained above, can be applied to 

the determination of proper purchase quantities.! 
Material Standardization. A standard is that which has been set up 
as a unit of reference. It may be any generally accepted criterion. In 
material standardization, it is that combination of characteristic attri- 
butes which materials should have to meet a given purpose to the best 
advantage. It is desirable to determine what materials most closely 
approach such standards and to confine the list of items carried 
regularly in stock to them. Unless this is done, it is probable that 
the stores department will carry many items whose uses overlap one 
another to a considerable extent. This tends to reduce the rate of 
inventory turnover, increase interest charges, the cost of handling, 
and the storage space required. 

In studying the list of items carried in stores with a view to stand- 
ardizing them, four general considerations must he kept in mind: 
(1)To how many uses is a given item of material put. It may be 
used in a number of departments in connection with the manufacture 
of widely differing products. (2) What materials resemble it. It 
may be found that different materials are used in the manufacture of 
different parts or products, although in many cases the requirements 


1 See article by author in May, 1927, issue of Manufacturing Industries. 
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of the materials may be identical for all practical purposes. (3) What 
substitutes may be used. The analysis may indicate certain substitutes 
which may be used in place of a given standard material when sufficient 
supplies of the standard material are unavailable on the market. 
(4) What are the characteristic attributes of each material selected 
as standard for a given purpose. Before any particular material can 
be selected as a standard material for a given purpose, the conditions 
which the material must meet in use must be determined. It is then 
necessary to determine the characteristic attributes which the material 
should have to meet these conditions satisfactorily. Consideration 
must be given to salability of the product as well as the needs of the 
production organization. 

In most cases the material standards are a composite of the experi- 
ences of a number of divisions of the organization. The engineering 
department is able to contribute information concerning the relative 
efficiencies of different materials and the characteristics which they 
should have to meet the engineering requirements. The sales depart- 
ment 1s able to contribute information relating to the effects of given 
materials on the salability of the product. The purchasing department 
is able to contribute information regarding the costs of different mate- 
rials. The production organization is able to contribute information 
regarding the relative ease and satisfaction with which they can be 
processed. Because information from a number of different sources 
is needed, it is desirable to have the work of the standards section super- 
vised by the materials committee. Such a conimittee, composed of 
representatives of the departments affected by material standardiza- 
tion, will insure that the problem will be handled from the standpoint 
of the needs of the organization as a whole rather than the immediate 
needs of the materials division. Furthermore, it is in a position to 
promote the application of the principles of standardization to other 
fields of material control, with beneficial results. 

Data regarding each class of materials may be compiled for the 
committee by the standards division or the analysts of the methods 
division, depending on the nature of the organization and its methods. 
The various materials, their uses, their requirements and other perti- 
nent data, are tabulated, and those having similar uses are compared 
to determine which can be eliminated. Finally a statement of the 
required properties is drawn up for each item which is to be carried 
regularly in stores. 

When some such procedure is followed, the result usually is a 
reduction in the number of different items carried in stores, The 
quantity of any given standard item which can be purchased at one 
time, economically, is increased. This may make it possible to secure 
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more advantageous prices. With a smaller number of items and 
larger individual usage, it should be possible to control inventories 
more closely. This, in turn, should result in relatively smaller inven- 
tories and a more rapid turnover of working capital invested in them, 
with consequent savings in interest and storage charges, less danger 
of depreciation and obsolescence, and possibly fewer stores employees 
due to the bulk handling of materials. 

Material Specifications. In working up specifications for materials, 
there is available not only the combined knowledge of the various 
departments of the organization, but also various sources of infornia- 
tion outside of the organization. Many of the large technical societies 
have standard specifications for most important materials. Quite 
often, manufacturers’ catalogues contain much technical information 
about the materials which they describe, which is valuable. The United 
States government publishes a general schedule of supplies which con- 
tains specifications for the great variety of materials purchased by 1t. 
Using such sources of information, many concerns write specifications 
for each item regularly carried in stores. The specification for a 
particular material will contain such information as, 

(1) Name of item. 

(2) Material symbol. 

(3) General description of the material. 

(4) Statement of its uses. 

(5) Statement of its chemical and physical properties. 

(6) The qualities desired. 

(7) Specifications relating to methods of packing, containers, labels, etc. 

(8) Permissible substitutions for the standard material. 

(9) Method of inspection and any tests to be applied in the receiving of the 

material. 

No changes in specifications should be permitted unless approved 
by the materials committee. Responsibility for the maintenance of 
specifications should be centralized in the standards sections of the 
materials division under the supervision of the committee. 

Requests to purchase unclassified material or to stock some item 
which has not been carried previously are received from time to time. 
Such requests should be scrutinized carefully to see if there is not 
some standard material which can be used. If there is, of course it 
should be substituted for the material requested. 

Symbolizing Materials. Classification is the basis of good records. 
With the present high development of industry, it is hardly possible 
to operate efficiently without good records. The clerical work of 
recording a large number of items, divided and subdivided into many 
classifications, is greatly facilitated by the application of a logical 
system of symbols to these items. As a result, almost every concern 
has applied, in some measure, the principle of symbolization to some 
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phase of its operations. In some plants there may be a number of 
symbol systems for various phases of the work of management, none 
of which may be related to each other in any logical way. ‘To illustrate, 
a production order for a given part may bear the symbol P101. The 
symbol by which the materials division identifies the part may be a 
simple number, such as 1126. In addition, the engineering depart- 
ment may have assigned a number to the part which is entirely differ- 
ent. The more information which has to be recorded in connection 
with a clerical operation, the greater is the chance of error. Therefore, 
it is undesirable to employ three systems of symbols if one can be 
devised which will serve all three purposes adequately. 

A symbol may be defined as a concise representation of a name 
and a description. While the materials division is chiefly interested 
in the problem of symbolizing materials, any symbol system to be fully 
useful, should tie in with the accounting and production systems. 
Therefore the symbols should be concise representations of the names 
and descriptions of accounts as well as of materials. This is entirely 
reasonable because the results of any business are finally expressed, 
in terms of dollars, in the general ledger accounts. As far as possible, 
the items to be symbolized should be classified according to the classi- 
fication of accounts in use. To facilitate identification, there may be 
many sub-classifications under each class. The symbol for each item 
must be distinctly different from every other symbol in the system. 

There are three general types of symbol systems, the numerical, 
alphabetical, and combinations of the two. In the numerical system, 
a series of numbers is applied to the items to be symbolized. Some- 
times an attempt is made to indicate the various classes of items by 
breaking the series into groups. For instance, the numbers 1 to 999, 
inclusive, may be reserved for one class of items, the numbers 1,000 
to 1,999 for the next class, etc. Such a system has the disadvantage 
that there is nothing in the symbol itself to identify the item unless 
one can remember the arbitrary divisions of numbers which have been 
established. Even then, there is always the possibility of confusion, 
for the reason that the same number may mean a number of different 
things when there are a number of numerical systems in use in the 
plant. A given number, say 1,166, may be an employee's clock number, 
an order number, a material number, or something else. To avoid 
this, more complicated numerical systems have been devised. In the 
Dewey decimal system, the number is broken up into a number of 
groups hy the use of decimals. It might be more accurate to say that 
the symbol is a composite number made up of several related numerical 
series. In the case of some symbol such as 113 :248 :523, the number 
113 might represent the general class in which the item falls, the 
number 248 the particular class, and the number 523 the particular 
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item. In a large plant it is impossible to remember the meaning of 
the thousands of symbols in use. Therefore it is necessary to compile 
a code book to which reference can be made when it 1s necessary to 
select a symbol or an item which does not occur regularly. While 
some attempt has been made to apply this principle to industrial uses, 
it has not been introduced widely, for the reason that it 1s too 
cumbersome. 

While the numerical system has its disadvantages, there are cases 
where it is desirable to use it. An instance of this is the use of a 
numerical system in connection with the use of mechanical tabulating 
devices. 

In the alphabetical system, letters are used to indicate the classes, 

sub-classes and particular designations. Both the letter itself and its 
position in the symbol have a meaning. To illustrate, the first letter 
in the symbol might indicate the general class in which the item falls, 
the second letter the sub-class, and the third letter the item itself. 
By dividing and subdividing the various classes and sub-classes, the 
system can be extended to cover as many different items as need be. 
However, the more the classifications are refined, the more letters ap- 
pear in the symbol until it becomes so cumbersome that it tends to 
defeat its purpose of furnishing a convenient, logical system of identi- 
fication and classification. 
The Mnemonic System. By using a combination of numbers and 
letters it 1s possible to devise a system of symbols which will avoid 
the previous objections to a considerable extent. The best known 
of such systems is the mnemonic system. The term: mnemonic means 
to aid the memory. Therefore a mnemonic symbol system is one 
in which the symbols suggest the identity of the items which they 
represent. The idea of mnemonic representation is not new. In 
niodern science and engineering, mnemonics have long been used. The 
symbols which the chemist uses to designate various elements are to 
a large extent mnemonic. 

Words have varying interpretations. Papers and communications 
which are hastily written under pressure of the day’s work are always 
in danger of being misunderstood. If the paper originates in the shop, 
it may be written crudely and the difficulty of deciphering it may be 
increased by the fact that it is smudged with grease and dirt. If the 
product and production problems are complicated, the need for exact 
identification of each paper originated in connection with production 
control 1s increased. It is said that the ten-inch disappearing gun 
carriage is composed of 4,000 parts, made from 50 different materials, 
on each of which are performed from 10 to 100 operations.’ It is 


1“The Index as a Factor in Industry,” by John H, Williams, Bulletin of The Taylor 
Society, May 1915, 
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obvious that in the manufacture of such a complicated product a great 
number of papers of various kinds must be originated. Their handling 
and the control of production are greatly facilitated if they can be 
easily and quickly identified by those who receive them. Much of the 
possibility of error is eliminated if the extended, written description 
of an item is supplemented or replaced by a short, concise symbol. In 
addition, there may be a considerable saving in clerical time. 

Items should be standardized before they are classified. They 
should be classified before they are symbolized. Therefore, complete 
classifications of accounts, equipment and materials, products and 
functions, should be available before the development of a mnemonic 
symbol system is attempted. 

There are two types of mnemonic symbol system—the limited root 

and the unlimited root system. In the limited root system the number 
of basic or root classifications are limited to twenty-three letters of 
the alphabet, as the letters I, O, and Q are not used. This system is 
the better known and is the one which will be described. 
The Construction of a Mnemonic Symbol System. In constructing 
a mnemonic symbol system, each letter in a symbol indicates a function 
or a characteristic. The first letter in the symbol indicates the subject 
of the symbol and is called the root letter. In other words, it indicates 
a general classification. For instance, the letter S is used in almost 
all mnemonic classifications as the root letter to indicate the general 
classification of stores accounts. The other letters in the symbol 
qualify the meaning of the root letter. In the case of steel stores, the 
symbol SS has been used in most cases, the root letter S indicating 
stores accounts, and the second letter S indicating that the particular 
classification is that of steel stores. A number preceding a letter 
in the symbol indicates a modification of the characteristic or function 
which that letter represents. Where there are a large number of items 
to symbolize, the symbol may be expanded to such lengths that it 
becomes cumbersome if we attempt to indicate each particular item 
by a mnemonic letter. In such cases, serial numbers preceding the 
last letter of the symbol may be used to indicate particular items. While 
this practice holds the length of the symbol within convenient limits, 
it is open to the objection that it lessens to some extent the mnemonic 
value of the symbol. In working up symbols, the letters T, O, and Q 
are not used, for the reason that they are easily confused with the 
numerals one and zero, particularly when the symbol is written on a 
typewriter.’ In some cases the letter Z is not used, as it is difficult 
to write clearly. 

The first step in the construction of the symbol system after the 


1 Furthermore, some of the older foremen, using the old-fashioned seript, may make a 
‘‘O”’ which looks like the Numeral 2. 
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items have been standardized and classified, is to set up the base sheet. 
The letters of the alphabet, with the exception of I, O, and Q, are 
listed vertically. Opposite the letter with which it begins is placed 
each of the basic classifications. When more than one classification 
appears opposite a letter, the name of the classification should be 
changed to some other, equally descriptive, which begins with another 
letter that has not already been allotted to a classification. Where 
this is not possible, some letter which has the dominant sound of the 
word may be used. In some cases, the last letter of the word has been 
found to be sufficiently mnemonic. When none of these choices are 
possible, it is better to select some letter that has no relation to the 
name of the class. The fact that the letter has been selected on a prin- 
ciple which is exactly opposite to the mnemonic principle will tend to 
impress the meaning of the letter on the mind of the user. As stated 
previously, the base classification should conform to the classification 
of accounts. In some cases, it may be necessary to change this classi- 
fication somewhat for purposes of symbolization. The following ex- 
ample is taken in part from the base classification used by a large 
concern manufacturing munitions : 


Base Classification Sheet 


2»  A—(A)uxiliary expense accounts. 
= § ##B—(B)usiness expense. 
Py s C—(C)ommercial expense. 
Qs D—(D)epartmental and other factory expense. 
F— 
G—(G)uns and other firearms. 
w 
= 4H- 
S = 
S K—(C)artridge products. 
= M-—(M)iscellaneous products not elsewhere classified. 
S aaa 
e oa 
Re~ 
S—(S)tores. 
T 
U— 


V—Sal(V)age products. 


X—Fi( X)tures, tools, jigs, gauges and similar equipment. 
Y—Machiner(Y) and equipment. 
Z— Reul estate, buildings, and building equipment. 
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The letters in parentheses are those which have been selected as 
root letters, in most cases because of their mnemonic value. ‘The base 
sheet has only been reproduced sufficiently to illustrate the principle of 
its development. The first classification is for the accounts of the 
service departments. To illustrate, the AP accounts might be used to 
control the expense of operating the power department. Business 
Expense includes all of the expenses of the general administrative or- 
ganization. Commercial Expense includes the various accounts of the 
sales organization. Departmental Expense includes the expense ac- 
counts of the directly productive factory departments. The classifica- 
tions from G to W, inclusive, are product accounts, with the excep- 
tion of S, which is reserved for stores. Those from X to Z, inclusive, 
are fixed asset accounts. 

The next step is to take each of the general classifications in the 
base sheet and develop the symbols for the sub-classifications under 
them. The procedure is the same as before. Lay out an alphabet 
for the sub-classification and write the various designations for the 
sub-classes opposite those letters which suggest them. To illustrate, 
the first sub-classifications of factory expense might be built up as 
follows : 


D—(D)eparimental and Other Factory Expense 


D-A— D-P— 
B—RBrass foundry and rolling mill. R— 
C—Cannon case shops. S— 
D— T—Tool department. 
E— — 
F—Factory office. V— 
G—Gun department shops. w— 
H— x— 
j= bs 
K—Cartridge department shops. Z— 
L— 

M—Machine shop. 
N— 


The “D” accounts are used to control the expense of directly produc- 
tive departments. All items of shop expense which cannot be charged 
directly to the product are charged into one of these accounts, such as 
the salaries and wages of foremen and machine adjusters in directly 
productive shops. 

Fach department may have a number of shops. These shops are 
numbered serially. The serial number of the shop precedes the depart- 
ment letter. The symbol for machine shop number three then would 
be D3M. To throw all of the expense of operating the shop under 
this symbol may not be sufficient for purposes of control. If this is 
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the case, a shop expense classification sheet must be made. This 
might be developed as follows: 


DM—Machine Shop Expense Accounts 


DM-A— DM-M— 
B—RBelting repairs. N—Retainer time. 
C— P—Payroll. 
D— R—Repair work and scrap. 
E—Electrical repairs and S—Shop supplies not otherwise 
lighting expensc. provided for. 
r— T—Tools and repairs. 
— U— 
Hs Vs 
IJ— W—Waste, cotton. 
kK— xX— 
L—Lubricants, cutting and Y— 
cooling fluids. ZL— 
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In shop D3M, it is necessary to have certain belts repaired. This work 
will be done by a belt-fixer from the maintenance department. His 
time will be charged to the shop expense account D3MB. Similarly, 
work may not come through to the shop as planned. Certain men are 
temporarily idle. They will be given operation tickets made out to 
the expense symbol D3MN. The time during which they are idle 
will be charged to this expense account. In some cases monthly ex- 
pense statements are given to each foreman to assist him in controlling 
the indirect expense of his shop. An example is shown in Fig. 81. 

The product symbols identify the work-in-process accounts and 
the worked material inventory accounts. For this reason they are of 
interest to the production and materials division as well as to the 
accounting department. The letters IX to W, inclusive, in the base 
alphabet, with the exception of S, are reserved for product symbols. 
The symbols for the various products are built up exactly as illustrated 
previously. 


G—Gun Products 


G-A— G-N— 
B— P—Pistols, revolvers, and other 
C—Carbines. side arms. 
I— R—Rifles. 
E— S—Shotguns. 
F— T— 
G— U— 
H— \V-- 
j= Ww 
kK— x— 
L— Y— 
M—Machine guns. Z— 


There may be a number of different models of each class of gun 
products, so it is necessary to modify the sub-classification to show 
the particular model. A rifle designed in 1917 might be known as the 
model 17 rifle. The symbol for this rifle would logically be G17R. 
However, the rifle is composed of a number of assemblies, which in 
turn are made up from a number of parts. This is also true of the 
other gun products. Therefore it will be necessary to set up sub- 
classifications for each of the classes of gun products. The next sub- 
classification might be made up with regard to assemblies as shown 
below : 


GR—Rifle Assemblies 


GR-A— GR-N— 
B—Barrel assembly. p— 
C= R—Receiver assembly. 


D— S—Stock assembly. 
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E— 4 oe 
F— Ue 
G— v= 
H-— w— 
J- X— 
K— Y— 
L— Z— 


M—NMiscellaneous parts. 


The actual list of assemblies would be much greater than the above 
list and would be different for each class of gun product. While a 
logical system for identifying our various gun products has been 
developed, it is still necessary, for purposes of cost and production 
control, to have some method of identifying the individual parts 
which make up these assemblies. This can be done by modifying the 
assembly letter by a serial number for the part. A production sub- 
order bearing the symbol G17R3R would indicate that it was for part 
number three of the receiver assembly of the model 17 rifle. It is 
obvious that a short concise symbol of this kind can be entered on a 
production paper or record more quickly and accurately than a long 
written description. Furthermore, new employees will more quickly 
become familiar with their duties if the papers which they handle are 
identified mnemonically by some such logical symbol system. It should 
be noted that each position in the mnemonic symbol has a definite 
meaning. The first letter in the symbol always indicates the base 
classification. The second letter always indicates a particular classi- 
fication and modifies the root letter. A number in the symbol always 
modifies the letter which it precedes. In the above example, the letter 
G indicates that the symbol is a product symbol and that the product 
is a gun. If the letter G were the third letter in the symbol it might 
indicate something entirely different, but in the position which it 
holds it can indicate only one thing—that we are dealing with a gun 
product. 

In order to link up the symbols more closely with the production 
and costs system, it is often provided that a number following the 
symbol will indicate the lot or order number. A number preceding 
the symbol will indicate the operation being performed. Thus, if the 
symbol on the production sub-order were 12-G17R3R-105, it would 
refer to operation No. 12 on part No. 3 of the receiver assembly of 
the model 17 rifle, and would show that the particular lot of rifles is 
being manufactured on order No. 105. When the part is completely 
manufactured and put into stores on a worked-materials credit slip, 
the quantity completed will be charged on to the stores ledger sheet 
bearing the symbol G17R3R. Operation tickets and material requisi- 
tions received by the cost department in the course of the manufacture 
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of the part were charged on to the cost card bearing the symbol 
G17R-105, If it were desired to segregate the labor cost of operation 
No. 12 on the order for the part, the complete symbol could be used. 
Thus a flexible system is provided which links together the work of the 
production division, the materials division, the accounting department, 
and the cost department. 

Another large group of symbols is the classified stores symbols. 
This group does not include worked materials and finished product, 
although they may be carried regularly in stores and ledger sheets 
may i provided for them in the stores ledgers. The following is an 
example of a stores classification. These symbols appear on all stores 
requisitions and credit slips. They facilitate the work of the stores 
clerks in identifying the required materials, and the ledger clerks in 
posting to the stores ledgers and sorting for posting to the controlling 
accounts. They should appear on purchase requisitions and purchase 
orders for material. 


Classified Stores (Thompson and Lichtner)! 


S-A—Office supplies. 

B—Brass and brass products including pipe and fitting. 

C—Coal, coke, and other fucls. 

D—Wood and wood products. 

E—Electrical supplies. 

F—Fastenings, bolts, nuts, nails, screws, etc. 

G—Gaskets and packing. 

H—Hangers, stands, boxes, bushings, pulleys, and clutches. 

J—Gears made of all materials. 

K—Chemicals and pigments. 

L— Liquids, lubricants, oils, gasoline, and paints. 
M—Machine and engine parts for boiler power and water supply. 
N—Maetals not otherwise classified as babbitt, lead, zinc, etc. 

P—Pipe, pipe fitting, and tubing made from cast iron, wrought iron, and steel. 
R—Rubber scrap. 

S—Steel, wrought or cast iron, and products made chiefly from the same. 
T— Tools, implements, and supplies. 

U— Building materials such as cement, quartz, sand, and brick. 
V—Abrasive, emery wheels, grindstones, etc. 
W—-Wearing apparel. 

X—Stores not otherwise classified. 

Y—Fibrous and textile materials such as belts and sundries, hose, rope, and twine. 
Z—Spevial parts and supplies for equipment. 


The main classifications are divided and subdivided to show sub- 
classifications and individual items much in the same manner as in the 
case of worked materials.* 

1 Management's Handbook, p. 470. 


2The above classification is based largely on the kind and character of material. 
Other classifications are based on the use of the material and as a result are quite different. 
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Usually, the general ledgers carry a number of controlling accounts 
for the important classes of materials. For instance, all of the above 
main classifications might be controlling accounts. The sheets in the 
stores ledgers for the individual items are grouped together according 
to these controlling accounts. In other words, the sheets for the various 
items of office supplies regularly carried in stores would be grouped 
together under the symbol SA in the order of their mnemonic symbols. 
In this manner, mnemonic symbols facilitate the work of posting. 

The classifications which have been given are intended only as 
illustrations of the method of constructing mnemonic symbols. In 
developing a symbol system, each plant must do its own work of 
standardizing and classifying materials, products and accounts, and 
must develop a system which will fit its particular needs. 

In most plants, the introduction of a mnemonic symbol system 
would benefit the organization. It provides a common language which 
assists in coordinating the various factors in industrial organization 
and management. In identifying the various instruments which they 
use in the performance and control of their functions, all departments 
use the same system of symbols. The collection of information relat- 
ing to the conduct of the business is facilitated for the reason that the 
chance of error in transmitting the information is reduced, a superior 
method of identification makes it easier to transfer or record the 1n- 
formation, and a logical system for filing the information is provided. 
Perhaps the greatest benefit that the mnemonic system confers is that 
it leads the company to standardize and classify the various factors 
in its business. Many industrial management specialists feel that lack 
of adequate standards is one of the greatest causes of waste in industry. 


CHAPTER XVIII 


THE CONTROL OF MATERTALS—STORES 
AND SALVAGE 


The Stores Organization. The stores organization is the physical 
custodian of all inventories not charged directly to some department or 
order. Itvery piece of material which comes into the plant should pass 
through the stores organization. It is responsible for the safety of 
this material until it is released to some other department on proper 
authority. Inasmuch as the value of the material inventories may run 
into very considerable sums of money, the importance of the proper 
organization of stores is readily apparent. 

In the illustrative organization which has been set up, there are 

four departments in the stores organization—(1) the receiving depart- 
ment, (2) the stores department, (3) internal transportation, and 
(4) the shipping department. In a large corporation the stores organi- 
zation would be under the supervision of a stores superintendent, re- 
porting to the materials manayver. 
The Receiving Department. All purchased material which is received 
into the plant must pass through the receiving department. The depart- 
nient must see that all goods received are inspected to determine 
whether or not they conform to the specifications in the purchase 
contract. It must render a report of the extent to which the shipment 
meets the requirements of the purchase order. Copies of the report 
are sent to all departments which are concerned in the receipt of the 
shipment, Usually these departments are the purchasing department, 
the balance-of-stores department, the laboratory, and the storeroom. 
The report is usually called the material-received sheet. The character 
of the information contained on it is shown on the form in Fig. 83. 

The nature of the inspection which is made usually is determined 
by the instructions in the receiving copy of the purchase order. All 
material which is received is not sent to the laboratory. In many 
cases a visual inspection of the material and a count of the quantity 
received is all that is necessary. On the other hand, it may be neces- 
sary to send samples of stich materials as coal and steel to the labora- 
tory for tests which the receiving inspectors are not competent to make 
or for which they have no equipment. In large plants, these inspectors 
may be under an inspection foreman who reports to the chief inspector. 

The receiving department is under the supervision of an executive 
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usually known as the receiving clerk. Considerable responsibility 
attaches to his position, as he is responsible for the safety of all mate- 
rials after the carrier has delivered them, up to the time that they are 
turned over to the storeroom. The shipment may not conform to the 
purchase order, but if it is damaged or stolen while it is in the custody 
of the receiving department, the company must pay for it. 

The position of the receiving department in the organization 1s con- 
troversial. In many cases it is placed under the purchasing depart- 
ment, for the reason that the work of receiving is closely connected 
with the work of purchasing. The receiving of the material is one 
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of the final steps in the routine of procurement by purchase. However, 
it is also a step, preliminary to placing the material in stores. T*urther- 
more, the receiving department is concerned with the physical handling 
rather than the clerical handling of materials. For this reason it has 
been placed under the stores department. 
The Shipping Department. The functions of the shipping department 
are to see that the finished product 1s properly packed for shipment, 
that it is shipped in accordance with the instructions given by the 
traffic section, that the right goods in the proper quantities are shipped 
to the consignee on the date indicated by the sales department. 

The condition in which the goods are received, obviously has much 
to do with the customer's satisfaction. Therefore, the design of the 
container in which the goods are shipped. as well as the packing of 
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the goods, is important. The shipping department often has an oppor- 
tunity to save much money by developing low cost containers which 
will land the product at its destination in good condition. Further- 
more, the promptness with which the department handles shipping 
orders is an important factor in building up the good will of customers. 

Usually the shipping department operates on shipping orders re- 
ceived from the sales department. Fig. 84 shows a shipping order. 
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On receipt of these orders, the department may withdraw the goods 
from finished stores or it may receive them directly from the assembly 
floor, depending on the nature of the company’s operations. The goods 
are crated and shipped as directed. Consequently, the shipping depart- 
ment is often under the sales organization. There are also certain 
advantages in better production control which may make it advisable 
to place it under the production organization. As in the case of the 
receiving department, the shipping department is a plant department. 
It is chiefly concerned with the handling of the finished product. 
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Therefore, the department has been placed under the stores organiza- 
tion. It is supervised by an executive usually called the shipping clerk. 
Under him there may be a force of clerks, loading gang bosses, labor- 
ers, carpenters, etc. 

As previously stated, the finished product sometimes goes directly 
from the last operation on the assembly floor to the shipping floor. 
However, all finished product should pass through finished stores on 
a paper transaction, if not physically, for accounting purposes. There- 
fore, it will be necessary for the shipping department to originate a 
requisition for finished stores, although the goods may be received 
directly from a department under the production organization. 
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The Stores Department. The storeroom is responsible for the safety, 
care, and issue of all materials and supplies not in process or in use. 
It operates directly under the supervision of a storekeeper. Under 
him are a number of stores clerks and laborers. 

The Storeroom Layout. The layout of the storeroom directly affects 
the work of handling the material inventories. When possible, each 
item which is carried regularly in stores should be located with regard 
to its ultimate destination. It should be stored as closely as is practi- 
cable to the department which uses it the most, in order to facilitate 
quick deliveries to the department and shorten the distance that the 
material must be moved through the plant. It may be necessary to 
modify this practice with regard for the efficient handling of materials 
or the grouping of materials of a similar kind or use. For this reason, 
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sub-storervoms for particular items of material often are established 
near departments which use them constantly in large quantities. In the 
example of the munitions plant, the copper and spelter used in the 
making of brass would not be stored in the general storeroom, but in 
a sub-storeroom in or near the brass feundry: Not only the quantity 
and the rate of use, but also the character of the material, affect its 
location in stores. Coal usually is piled in yards, conveniently located 
to the power plant. The high explosives used in the making of cart- 
ridges are stored underground at some distance from the plant to re- 
duce the danger of disastrous explosions. The relation between the 
amount of storage space available and the quantity and bulk of the 
material also will affect its location. The type of conveying equipment 
may be a factor. These and similar factors affect the economy of 
storing materials. 

In laying out the storeroom, the main ajsles should run in the 

general direction of the flow of material into the plant in order to 
minimize congestion. They should be large enough to pernut the 
free movement of trucks into and out of the storeroom. Usually, they 
are at least ten feet wide. The side aisles leading from the main 
aisles should be sufficiently wide to permit the passing of two trucks. 
The distance between the bin stacks should be enough for a man and 
a truck. 
Storage Bins. Bins for storing material are made of wood or steel. 
In the majority of modern storeroom installations, knock-down sheet- 
steel bins are used for the reason that they are more flexible with 
regard to possible variations in bin sizes. Flexibility is desirable for 
the reason that it may be necessary to change the layout of the store- 
room as the business expands and the need for storage space in- 
creases or requirements change. The standard sheet-steel bin has a 
depth of two feet. It is so constructed that it can be assembled in 
varying heights and widths of bins to suit the requirements of the 
niaterials to be stored. As far as possible, bin sizes should be stand- 
ardized in order to facilitate the shifting of stocks when necessary. 
The determination of standard bin sizes in some cases may he affected 
by the nature of the units of issue which have been selected. Plate 17 
shows steel storeroom bins. 

When wood bins are used, the bin sizes should be standardized 
as before. If possible, the bins should be so designed that they will 
nest within one another. This type of wood bin is commonly used for 
storing tools in shop tool cages. 

Symbolizing Storage Spaces. After the storeroom has been laid out, 
the various bins and storage spaces should be symbolized in order 
that the material may be located and the requisitions filled easily and 
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quickly. There are two methods which may be used. The bins and 
storage spaces may be numbered according to their location in the 
storeroom. Starting with the stacks nearest the entrance to the store- 
room, the stacks may be numbered in numerical sequence. The stacks 
to the left of the main aisle may be the odd and those to the right the 
even numbered stacks. In addition, each section in the stack is lettered 
in alphabetical sequence and each tier is numbered. Therefore if the 
symbol 25A5 appears on a requisition in the space for stores location, 
it indicates that the bin for the material is in stack 25, section A, tier 5. 
The second method of symbolizing the bins and storage spaces is to 
use the mnemonic symbols of the materials. Under this system all 
bins for materials of the same basic classification would be grouped 
together in the same part of the storeroom in the order of their 
mnemonic symbols. The objection to this system is that it is not 
sufficiently flexible. The various items are located not with regard to 
the point where they are most frequently used or with regard to the 
relative number of requisitions for them which must be filled in the 
course of the day, but with regard to inventory-controlling accounts. 
Such a method will not meet the needs of the storeroom. 

There are certain materials which cannot be stored in bins, but 
must be piled in open storage spaces. Lumber, various kinds of pig 
metal, sacks of loose material, barreled materials, are examples of 
items which are piled. While the nature and quantity of the material 
to be piled will affect the size of the storage space for the material, 
such space should be standardized as far as possible. To illustrate, 
tote boxes for transporting material should be standardized so that a 
certain number of a given size can be piled on the platform of a lift 
truck. Open storage spaces should be marked off by lines, painted 
on the floor, so that a certain number of lift platforms can be conveni- 
ently stored in each space. These storage spaces also should be sym- 
bolized. Usually the standard storage spaces or storage bays are indi- 
cated by painted signs hung from the storeroom ceiling, bearing the 
symbol of the storage space. This method makes it very easy to locate 
any particular space. 

Stowing Materials. [ven the piling of material is not left to the 
chance fancy of a stores clerk. In the modern storeroom, the best 
method of piling each item of material is determined and adopted as 
standard. It is the usual practice to start piling at the back left-hand 
corner of the storage space and work forward, as the stores clerks 
or laborers can work to better advantage. In some cases the items are 
piled in multiples of five for convenience in taking inventory. When 
new material is received, the old stock is piled in front or on top of 
the new stock in order that it may be used first. With some materials 
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it may make no difference, but with others it may be necessary to 
prevent loss from deterioration. Where materials are packaged before 
piling, they are wrapped securely and clearly labeled, so that the kind 
and quantity of material in the package can be easily identified. In the 
storeroom, order is essential. Most plants have too little available 
storage space rather than too much. Unless there is a place for every- 
thing and everything 1s in its place, confusion and loss are bound to 
occur which will hamper the work of the storeroom. The mark of 
the well-managed storeroom is order and neatness. While there is 
much more to the technique of piling materials than has been indicated, 
the preceding discussion should make clear the necessity for having 
standard methods of piling. 

When the layout has been completed, stores locations assigned and 
methods of storing or piling worked out, it is advisable to make a 
permanent record. Drawing and tracings of the final layout are made. 
Blue prints are taken and filed in the storeroom. Fig. 86 shows a 
location diagram. In addition there is often a visible index file in the 
storeroom which shows for each item carried in stores, its name, 
symbol, stores location, maximum and minimum, and any other in- 
formation which the storekeeper may need regularly. Such a file often 
is necessary when a requisition is presented at the storeroom window 
which does not bear the symbol or stores location of the item. 
Protecting the Stock Against Shortages. It has been noted pre- 
viously that checks have been provided in the stores ledgers to prevent 
the available stock of any given material from becoming dangerously 
low. This is the function of the minimum ordering point. Jlowever. 
there is always the danger that a ledger clerk may fail to note that the 
available stock of a given item has reached this point, and as a result 
production may be delayed because of a shortage. For this reason, 
certain checks usually are maintained in the storeroom. One of these 
methods 1s the use of what is known as the physical minimum. There 
are two methods for bin storage—the Barth double-bin system and 
the Gantt physical minimum. Under the Barth system there are two 
bins for each item carried in stores. ‘These bins, of course, are side 
by side. In one bin is the old shipment from which material is being 
used. In the other is placed the new shipment. When the stores clerk 
reaches the bottom of one bin, he notifies the balance-of-stores depart- 
ment, which places an order for another shipment of material if it has 
not already done so as a result of the operation of the minimum order- 
ing point. Material is now withdrawn from the second hin as needed. 
When the new shipment arrives, it is put into the first bin, but it is 
not used until the second bin is exhausted. In this manner, dangerous 
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depletion of stock is avoided and old stock is used up before new stock 
is issued, 

The Gantt system uses a single bin. The minimum ordering 
quantity is physically separated from the rest of the material. If the 
material is small screws and the minimum is 500, this quantity may 
be tied up in a sack and placed at the bottom of the bin. The rest of 
the material received in the shipment is piled on top of it. When the 
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FIG. 87 
A Bin Tac 


supply has been exhausted down to the sack, the balance-of-stores 
department is notified and a new order for the screws is placed. The 
900 screws in the sack should last until the new shipment is received. 
The Gantt method is the more economical in so far as the use of 
storage space 1s concerned. 

The bin tag is a useful device which also checks the condition of 
inventories. On every bin and storage space there must be some card 
or tag which will identify the material in it. In the case of bins, there 
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is usually a clip beside each bin in which is placed the identification 
tag, showing the name and symbol of the material in the bin. In the 
case of open storage, the identification tag often is hung on a standard 
in front of the storage space. The bin tag provides a convenient means 
of identification, and in addition a record of the amounts placed in and 
withdrawn from the bin or storage place. The tag shown in Fig. 87 
indicates the information usually given ‘by it. When a physical inven- 
tory of stores is taken, the amount on hand is entered on the bin tag 
for cach item. As requisitions for a given item are received and mate- 
rial is removed from the bin, the date of issue and the amount issued 
are entered on the bin tag. The amount is deducted from the previous 
amount on hand, so that at any time the bin tag should show the 
amount in the bin. Similarly, when the material is received into 
stores and placed in the bin, the amount is added to the tag. When 
the amount on hand reaches the minimum ordering quantity or the tag 
is used up, the quantity in the bin is inventoried, a new tag is made 
out with the inventory quantity, and the old tag is sent through to the 
balance-of-stores department as a check on the accuracy of the stores 
ledgers. This method has the advantage that the stocks of material 
are continually being inventoried, and each time when there are the 
fewest pieces to be counted. It eliminates the necessity of an expen- 
sive annual or senuannual inventory of stores, to a large extent. 

In some plants the accuracy of the stores ledgers is checked by a 

patrolling inventory. There are certain men in the storeroom whose 
duty 1s to inventory continuously the stock on hand. Periodically, 
each item of material 1s counted and a record of the count is sent to 
the balance-of-stores department. This removes the necessity for and 
is usually more accurate than an annual inventory. In most cases 
the annual inventory 1s conducted under pressure and is notoriously 
inaccurate. 
Surplus Stock and Changes in Location. It sometimes happens that 
there is surplus stock which cannot be handled in the regular bin or 
storage space. In such cases, the surplus must be located out of the 
way in a temporary location, A surplus-stock tag 1s made out for 
each surplus lot. This tag shows (1) material name and description, 
(2) material svmbol, (3) normal location, (+) temporary location, 
and (5) quantity in the lot. The surplus-stock tag 1s hung under the 
bin tag. If there is more than one tag, usually they are hung in 
sequence of dates when the lots were received. 

The demands for space are constantly changing. Some change in 
engineering specifications may mean that considerably more of a given 
item must be carried than formerly. Tf the present bin space 1s not 
sufficient to care for the new requirements, a new location must be 
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assigned. When this is done, a change of location notice should be 
hung on the old bin. This prevents confusion and reduces the delay 
in filling requisitions, due to the fact that the location symbol has not 
yet been changed on the stores ledgers or for other reasons.’ The 
change of location notice shows (1) material name and description, 
(2) material symbol, (3) units and quantity moved, (4) moved from 
(5) moved to, and (6) approval of storekeeper. A copy of this tag 
should be used to change the visible index record in the storeroom and 
should then be sent through to the balance-of-stores department to 
correct the location records in the stores ledgers. 

Material Handling. During the past few years, material handling has 
developed rapidly as an important phase of industrial management. 
Today there are many concerns which specialize in the manufacture 
of industrial material-handling equipment. The importance of proper 
material-handling is indicated by the fact that a considerable part of the 
cost of manufacturing is the cost of handling raw, worked, and finished 
materials, in a great many instances. In many plants the cost of pro- 
duction is too high because of excessive or unnecessary handling, due 
to the failure to use labor-saving material-handling equipment, the 
proper selection of such equipment, or the improper routing of material. 

Material-handling equipment may reduce costs because of some or 
all of the following savings: (1) less labor required in moving mate- 
rial, (2) a more rapid turnover of inventories, (3) less congestion 
of work-in-process in the shop, (+) greater per capita production, 
(5) fewer interferences to production due to lack of materials, (6) the 
release of valuable working space, and (7) more accurate production 
control. 

With properly selected material-handling equipment, a laborer often 
can handle more material, with no more physical effort and perhaps 
to greater advantage, particularly when there is danger that raw mate- 
rials or work-in-process may be spoiled or damaged in handling. Not 
only can a greater quantity of material be handled with the same 
number or fewer laborers, but the speed at which it can be handled 
usually 1s much greater. Consequently, there is a greater rate of turn- 
over of inventories. As a result, the shop can be supplied adequately 
with raw and worked material, with a smaller investment in inven- 
tories. Capital is released for other purposes and interest charges 
are reduced. In many cases this will result in large savings. The 
speed with which inventories are handled may be increased further 
by a more direct routing of materials, made possible by the use of 


1 A change of location notice also may be necessary when a change in specifications 
renders the use of a given material obsolete, resulting in its transfer to salvage stores. 
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properly selected equipment. Very often the congestion of work-in- 
process in the shop is reduced. A smoother, steadier flow of mate- 
rials, under more certain control, makes practicable smaller banks of 
work ahead of each workman. Furthermore, with many types of 
equipment, materials can be handled overhead to good advantage. As 
a result, not only the movement of work is facilitated, but the workman 
is less cramped for space in which to operate his machine. The result 
often 1s increased per capita production. The movement of materials 
usually is under better control, assuring a steady, continuous flow of 
work to the workman. There is less idle time while the workman is 
waiting for materials. Inasmuch as the hourly cost of a machine 
often is greater than the workman's hourly rate, idle time is expensive. 
If it is possible to maintain smaller banks of work-in-process ahead 
of each workman, much valuable factory space may be released. It can 
be used to give a more open, lighter, and more attractive appearance 
to the shop, making it more truly “a good place to work," or by 
rearranging present equipment it may be possible to place additional 
equipment, thereby increasing productive capacity without the necessity 
of building additional space. Finally, the more accurate and speedier 
movement of materials usually makes possible more accurate produc- 
tion control, itself an important factor in low-cost production. In 
many cases, it may make possible better service for the customer. The 
extent and kind of savings which material-handling equipment can 
make depend largely on the character of the production problems. In 
general, the possible savings in a Jobbing concern are less than in a 
concern manufacturing a standard product in quantities. 

Until recent years, the introduction of material-handling equipment 
has not progressed so rapidly as it should. Although the wastes from 
improper material handling are real, it is difficult to place one’s finger 
on them definitely. In most plants they are inextricably mixed up in 
the plant overhead expense. Furthermore, the first cost of handling 
equipment, in some cases, is rather high. Even when handling equip- 
ment is installed, satisfactory results are not always obtained, for the 
reason that it may not be well selected or designed for the conditions 
which it must meet. This may be due to the fact that insufficient 
study has heen given to the problem, which in turn may be due to a 
lack of realization of its importance. Sometimes it is due to a lack of 
proper engineering guidance. 

There are various types and kinds of material-handling equipment. 
Some are intended to handle loose or bulk materials, while others 
handle individual items or groups of individual items. Some are 
intended to give continuous delivery of the particular item which it is 
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designed to handle, while others are designed for noncontinuous de- 
livery. In the selection of equipment its mobility may be a factor. 
Some types are portable. Some are self-propelled. Many types have 
no mobility, being operated from a permanently fixed position. 

Management's Ilandbook gives a classification of handling equip- 
ment from which the following is adapted.’ 


Material Handling Equipment 


(1) Hoisting Machinery. 
(a) Cranes of various types. 
(b) Hoists. 
(c) Cable and tramways. 
(d) Excavating equipment. 
(2) Package-handling Equipment. 
(a) Belt conveyors. 
(b) Gravity conveyors. 
(c) Chutes. 
(3) Conveyors for Loose Materials. 
(a) Skip hoists. 
(b) Screw conveyors. 
(c) Continuous buckct conveyors. 
(d) Gravity conveyors. 
(4) Elevators. 
(5) Trackless Transportation. 
(a) Hand trucks. 
(b) Lift trucks. 
(c) Storage-battery trucks. 
(d) Trailer cars. 
(6) Industrial Rail Transportation. 
(a) Locomotives. 
(b) Cable cars. 
(c) Gravity systems. 
(d) Hand-propelled cars. 


The above classification is considerably abridged. Space will not per- 
mit more than a few examples of some of the more important types. 

Traveling cranes are used to transport heavy loads over consider- 
able areas. They are adapted to the movement of heavy or bulk mate- 
rials in storage yards or in large shops. Plate 181s an example. They 
are frequently used for transporting work in heavy metal-working 
establishments. The movement of the crane ts directed by an operator 
inthe cab. The crane moves on tracks laid over the supporting columns 
and the trolley carrying the hoisting drum moves on rails across the 
crane, Jn addition, there are monorail chain hoists, hand-operated 
traveling cranes, and other devices for the overhead handling of 
matcrials. 

Conveyor systems are another common means of transporting mate- 
rials. Some are power driven, while others operate by gravity. The 

1Sce Management's Handbook, p.746 
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slat conveyor shown in Plate 19 is one example of many types of 
power conveyors. The gravity conveyor consists of an inclined way, 
constructed either of polished wood or of a metal frame carrying 
rollers, over which the material slides or rolls to its destination. The 
slope of the conveyor must be adjusted so that the material does not 
attain too great speed. A gravity conveyor is shown in Plate 20. 

A great many kinds of trucks are in use. Some are hand-operated, 
while others are power-driven. Such equipment as the hand truck and 
the storage-battery truck are familiar to everyone. The elevator truck, 
such as is shown in late 21, is a convenient device for tiering mate- 
rials in the storeroom. It consists of a movable platform attached to 
an elevating column, The platform can be raised to a height of about 
six feet and material can be tiered easily to a height of about eight 
feet. The lift truck is so constructed that the platform on which the 
material 1s carried is not permanently attached to the truck. The truck 
is run under the platform, which is then raised clear of the floor. The 
platform with its load of material is hauled to its destination and left 
there. Tt can be unloaded at the convenience of the shop preparation 
man, The trucker is not kept waiting. Less time is lost in loading and 
unloading trucks, Lémpty platforms can be loaded and conveniently 
placed so that the trucker can pick them up with his lift truck when 
he comes along. The lift truck is a considerable advance over the 
hand truck. An example is shown in Plate 22. 

There are many types of atrial or semiaérial transportation devices 
for handling materials. An interesting example is the tramrail. It 
consists of a system of rails suspended from the shop ceiling, on which 
ride power- or hand-operated carriers. Loads up to two tons can be 
transported easily and quickly to any part of the shop covered by the 
system. An application of the tramrail method is shown in Plate 23. 
Other examples are atrial tramways, skip hoists, and similar equipment. 

Tractors and industrial locomotives are used extensively. They 
may be steam- or gas-operated. In some cases, electric tractors are 
used. This class of equipment is used to transport materials in storage 
yards or between buildings. Storage-battery tractors, equipped with 
trailer cars, are sometimes used for the transportation of materials 
within the plant. 

In determining whether a piece of material-handling equipment is 
a good investment, the interest, depreciation, operating, and mainte- 
nance charges must be balanced against the savings previously indicated. 
It is the general practice to require that the equipment must pay for 
itself within one vear. The materials-handling division of the Amert- 
can Society of Mechanical Engineers has worked out certain formulas 
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for conmiputing the economies of labor-saving equipment, which are 
given below :’ 
7_ S+T+U-E)X 
A+B+C+D 
Y=I(A+ B+ C+))), and 
= ((S+ T+ U — E)X| — Y, in which 


A—Percentage allowance on investment. 


B— . e for insurance taxes, etc. 

C— e = “ maintenance. 

D— 4 " “ depreciation and obsolescence. 

IE—Yearly cost of power, supplies, and other items which are consumed; total 
in dollars. 

S— Yearly saving in direct cost of labor, in dollars. 

T— . “ fixed charges, operating charges, or burden, in dollars. 

v= * “ or carning through increased production, in dollars. 


X—Percentage of year during which the equipment will be employed. 
I— Initial cost of the equipment. 

Z—Maximum investment, in dollars, justified. 

Y—Yearly cost to maintain ready for operation. 

V— Yearly profit from the operation of the equipment. 


The Internal Transportation Section. In some plants an organiza- 
tion is set up for the transportation of materials in the plant. Because 
its work is closely related to the movement of stores, it has been placed 
under the stores department in the illustrative organization which has 
been set up. 

The movement of work within a department, in most cases, is left 
to the department preparation or move man. IJlowever, the internal 
transportation system may establish routes for the delivery of material 
between departments and buildings of the plant. 

It is responsible for the proper utilization of all transportation 

equipment, the speedy and prompt movement of materials and work, 
and the giving of continuous and reliable transportation. 
The Salvage Department. The functions of the salvage department 
are to reclaim, rework, and dispose of scrap and waste, and to reduce 
the amount of scrap and waste which is produced in the plant. The 
work of the department is partially a manufacturing problem and parti- 
ally a stores problem. It has to do with the reworking of scrap and 
waste received from directly productive departments, the sale of scrap, 
waste, or reclaimed material and the returning to stores of reclaimed 
material which can be reissued to the shop. 

By scrap 1s meant that product which has failed to pass inspection 
and which cannot be reworked in the shop to meet the inspection 
requirements. By waste is meant all other by-products of directly or 


1See Munagement’s IIandbook, p. 747. 
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indirectly productive operations and materials no longer usable for 
their original purposes. Under these definitions, the steel scrap from 
punch-press operations would be classified as a waste product. 

The salvage organization is usually under the supervision of a 
salvage supervisor or engineer. His characteristics are more nearly 
those of a manufacturing executive than those of any of his fellow 
executives in the materials division. For this reason, the salvage 
department is sometimes placed under the production organization. 
However, the department's work probably affects the materials divi- 
sion as much as if not more than it does the production organization, 
and for this reason it has been placed under the materials division. 
The salvage executive must have knowledge of the product and the 
processes in the plant. ITe must have had experience with salvage 
methods and equipment. He should have considerable mechanical 
ability, for the reason that often he is forced to devise his own meth- 
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THE SALVAGE OrGANIZATION 


ods for reclaiming materials. The salvage executive has charge of the 
sorting shop, the salvage shop, and the salvage-yard gang. The salvage 
organization 1s shown in Fig. 88. 

All waste or scrap rejected by the inspectors is forwarded to the 
sorting shop, except worked material which the operator can reprocess 
on his own time. Such material is accompanied by a scrap tag or 
report. This scrap report indicates the nature of the item and the 
cause of the rejection. It credits the proper expense or work-in- 
process account and charges the proper scrap account, The manner 
in which this report is handled depends on the nature of the material 
which is scrapped and the manufacturing routine. Usually standard 
containers for various kinds of scrap and waste are conveniently 
located in each department. When these are filled, they are forwarded 
to the salvage department, accompanied by the scrap tag or scrap 
report. When the scrap is received by the sorting department, it is 
sorted according to its ultimate disposition, as far as possible. Some 
can be reclaimed and returned to stores. Some can be worked profit- 
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ably for sale. Some must be sold for whatever it will bring as junk. 
The sorting department should originate a report giving such informa- 
tion as (1) date, (2) item, (3) quantity scrapped, (4) cause of the 
rejection, (5) department in which the scrappage took place, and 
(6) the disposition of the material. One copy of the report should 
be sent to the engineering department in order that the process engi- 
neers may take whatever action may be necessary. One should go to 
the production manager, and one to the salvage exccutive. When the 
material has been sorted, it is either sent to the salvage yard to be 
stored pending sale, or to the salvage shop to be worked. 

In recent years a great deal of equipment has been developed for 
the reclaiming or reworking of scrap and waste. In the case of sheet- 
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steel scrap, powerful machines have been developed for pressing and 
baling it in convenient form for sale. In large plants, the cost of 
the cotton waste used in cleaning up machines is sufficient to warrant 
the installation of centrifugal machines for reclaiming it. The oil is 
thrown off and saved and the waste is bleached and returned to stores. 
Automatic screw machines and other automatic machines using cutting 
oils are equipped with wells in which the oil is contained. Small pumps 
attached to the machine pump the oil to the point where it plays on 
the point of the cutting tool. After it has been used for a while, it 
becomes fouled and unfit for further use. It is then taken to the 
salvage department and reclaimed by filtering. Steel turnings are 
taken to the salvage department, sorted according to the kind of steel, 
stored in bins near the railroad siding, and sold. 

The varied activities of the salvage department can save the com- 
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pany considerable sums of money in the course of a year. In 1925 
the Hudson Motor Car Company saved more than $3,000,000 through 
the operations of its salvage department.? 

One of the greatest fields for usefulness is in the reduction of 
waste in the plant. In cooperation with the engineering and inspection 
departments, the salvage department should maintain a constant study 
of the causes of waste and scrap in the factory. By suggestions regard- 
ing the design or jigs and fixtures or other manufacturing methods, 
and propaganda in the plant, it can do much to reduce this costly item 
of expense. Exhibits of plant waste and articles in the plant magazine 
pertaining to waste reduction are some of the propaganda methods 
which have been recommended by authorities on salvage methods. 


“YU, S. Auto Industry Stresses Salvaging,” by Philip S. Hanna, the Wall Street 
Journal, December 1, 1926. 


CHAPTER XIX 
SIMPLIFICATION AND STANDARDIZATION ? 


Definitions. Simplification is that policy of management which seeks 
to conduct all activities and perform all functions of an enterprise in 
the least elaborate manner consistent with any given purpose. 
Standardization is the codification of the best current common 
practice. 
Simplification. Simplification in industry refers largely to the 
elimination of excess variety. All individuals have some desire for 
means of expressing and emphasizing their individuality. In many 
cases sales managers, realizing this, have developed their sales meth- 
ods primarily to exploit this desire. New models are introduced if: any 
demand appears for them, Changes in existing models are made to 
suit the demands of customers. Models are altered frequently to play 
on this desire for distinctiveness. In many lines a great variety of 
styles are offered, many of which represent the whims and fancies of 
the public rather than any real need. In some cases 90 per cent of the 
sales are made with 10 or 15 per cent of the items in the total line. 
This means that there is a light demand and probably a slow turnover 
for the remaining 85 or 90 per cent of the items offered to the public. 
Simplification aims to eliminate, as far as possible, those items for 
which there is a light demand. This, together with the standardization 
of the remaining items, results in economies for the producer and 
savings for the public. 
The Movement Toward Simplification and Standardization. The 
movement was started by the War Industries Board in 1917 and 1918. 
The board found that there was an unnecessary waste of capital, labor, 
and material due to unnecessary diversification. As the conservation 
of these factors in manufacturing was vital to the successful prosecu- 
tion of the war, it commenced the study of the problem of simplifica- 
tion and standardization in industry, with notable results. To illustrate, 
the colors in men’s hats were reduced from 100 to 9. The styles and 
types of rear gearings in tractors were reduced from 1,736 to 16. 
Following the war, the movement was continued hy the Department 
of Commerce, through its Division of Simplified Practice, The 
Chamber of Commerce of the United States, and the Federated En- 


' 1The information in this chapter is taken largely from publications of the Bureau of 
Simplified Practice, U. S. Department of Commerce. 
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gineering Societies. Under the leadership of the Division of Simpli- 
fied Practice, the work has been extended to many fields of industry. 
In addition, the movement has received the active cooperation of many 
manufacturers’ associations, which have realized the advantages of 
simplification and standardization partly as a result of the educational 
work which has been done, and partly as a result of the actual benefits 
gained from their war-time experiences in this field. For example, 
the National Retail Hardware Association passed a resolution in June, 
1922, favoring the continuation of the program of standardization and 
simplification in the hardware field. A questionnaire to its members 
brought replies which were 98 per cent favorable. 

Two Kinds of Simplification and Standardization. The work of sim- 
plification and standardization can be divided into two kinds—that 
within the industry and that within the company. 

Simplification within the industry involves the cooperation of the 
principal producers in the industry. It may be realized generally that 
more types and styles of product are being offered to the public than 
are necessary. Jlowever, competition may prevent any one producer 
from reducing his line. If a customer cannot purchase a special style 
that he thinks he needs, he will purchase it from a competitor if possi- 
ble. If he can get the special style from the competitor, probably he 
will place the remainder of his order for standard items with him 
also. Therefore there must be some agreement between the principal 
producers in the field before there can be any considerable curtailment 
of styles and models. In order to reduce the sizes of paving bricks 
from 66 sizes to 7, the Division of Simplified Practice had to arrange 
a joint meeting of the representatives of nine national organizations 
in the industry. Then considerable negotiation was necessary before 
a program of simplification was adopted. 

The following are some of the advantages which are claimed for 
simplification and standardization within the industry : 

(1) Less capital is tied up due to the greater ability to gauge 
inventory requirements. 

(2) Lower production costs due to the fact that concentration on 
a smaller number of items results in larger manufacturing lots, with 
consequent economies due to better planning, the development of 
special equipment, greater opportunities for the improvement of proc- 
esses, and other savings which come with longer runs and less idle 
equipment. 

(3) Lower labor costs due to greater specialization, steadier pro- 
duction programs, and lower labor turnover. In many instances it is 
possible to use a lower class of labor. 

(4) Prompt deliveries to customers. Simplification of the line of 
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products simplifies the production problem and reduces the number of 
. broken promise dates. 
(5) Usually the problem of sales and service is simplified, with 
greater satisfaction to the customer and the company. 
Following are some of the results of simplification in various 
industries : 
The Number of Items 


Before After 
Products Simplification Simplification 

NallGable chain, 60.0 vooeais ew boieewe ec dinesweews< 2,044 820 
Parl iniplCments.cice.08ceeuenewerewer lliwean sass 1,092 137 
Hammers: axes €te@. 4 64466406564 i 8adaveiaatdsias 2,752 761 
Laboratory apparatus............. cee e eee eee eee 2,800 1,400 
Pipe Tinie 5 oa ea eee ele aoe Leen oe 17,000 610 
DLOVG Pars yon sien bead ey case Sa She eet 2,982 364 
POCKCE WMIWGS 46 bs eo bee cee ack edesen eases 1,500 300 


Product Simplification and Standardization. Simplification and 
standardization within the company, as the name indicates, has to do 
with the standardization and simplification of the line of products of 
a specific company. This development is possible even when there 
has been no simplification within the industry. Very often it will 
result in large savings to the company. Many machine elements have 
been standardized as a result of the work of the various engineering 
societies. In addition, it is often possible to standardize other elements 
of the product between various models, styles, and sizes. ‘Three sizes 
of the same type of machine may use shafts which are identical in so 
far as their mechanical characteristics are concerned. They may differ 
somewhat in their dimensions, due to considerations of machine design. 
While it might result 1n some waste of material in the smaller sizes, 
it might be better, from the standpoint of manufacturing economy, to 
standardize on the larger size, if such a thing were mechanically 
possible, because it would then be possible to manufacture the shafts 
in larger quantities. 

Most of the advantages which have been claimed for simplification 
and standardization within the industry will also result from the appli- 
cation of the same principles to the individual line. 

The Attitude of the Public. It is not to be supposed that the public 
will immediately welcome simplification. Those persons who have 
hecome accustomed to using special goods will be loath to give them 
up. However, they can be educated to accept such changes because the 
changes usually result to their advantage. The consumer gets a better 
product, with better service, in more abundant supply, at less cost. The 
automobile field furnishes an excellent example of one in which the 
public gradually has come to recognize the advantages of the standard 
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product. This 1s so much the case that certain well-known automobile 
producers are featuring “no yearly models.” 

It must be admitted that there are some lines in which a certain 

amount of diversification is necessary. This is particularly true when 
the saleability of the article is largely dependent on style or the industry 
serves another which demands great diversification. Even when style 
is a large factor, it may be possible to attain some degree of simplifica- 
tion. The William Gilbert Clock Company reduced its line from 500 
items to 75. The number of models carried at any one time is kept 
at this figure. The sales of the various models are constantly checked. 
When the sales of a given model begin to fall off, it is discontinued and 
a new model is substituted for it. 
The Objections to Standardization and Simplification. Some of the 
usual objections to standardization and simplification are that it tends 
to automatize the worker, retards progress, destroys the advantage of 
secret methods, destroys initiative, limits markets, throttles forcign 
trade. In most cases they have little basis, being based on miscon- 
ceptions of the problem. A discussion of them is beyond the limits 
of this book. In the opinion of most authorities on the subject, they 
are more than outweighed by the advantages to the manufacturer, 
the dealer, and the public which result from simplification and 
standardization. 


CHAPTER XX 
THE PERSONNEL ORGANIZATION 


The Development of Personnel Management. The problems growing 
out of the development of modern industry have led to the introduc- 
tion of a personnel department in a great many plants. The World War 
brought home to industry the fact that great losses occur as a result 
of the poor handling of labor problems. It was realized more than 
ever before that these problems must be solved by a specialized organi- 
zation having in mind the point of view of the worker as well as that 
of the management; that they cannot be intrusted to the production 
executives because of their point of view and their inability to devote 
proper study to them hecause of the great demands which their regular 
duties make on their time. In some cases the personnel department 
has developed as the result of a realization by the management that 
industry has an obligation which is social as well as economic. To 
meet these obligations properly, some adequate channels of communica- 
tion and contact with the employees are necessary. In this connection, 
the personnel department is a partial substitute for the man-to-man 
relations which formerly existed. 

Jt is not intended to imply that the development of the personnel 
function in industry has been made subsequent to the World War 
entirely. Considerable progress was made during the ten years imme- 
diately preceding it. Ilowever, the development of the function re- 
ceived great impetus from the necessities of the war, and public inter- 
est in its development grew out of these necessities to a large extent. 
The Functions, Purposes and Work of the Personnel Department. 
The more important functions of the modern personnel department 
are (1) to approximate the human relationships which existed prior 
to the advent of modern industrialism, (2) to secure fair treatment for 
the employce, and (3) to place labor relations on a business basis that 
will be fair to both the employer and the employec. 

The community of interest between the employer and the employee 
was more apparent in the small industrial units which generally existed 
seventy-five years ago than it is in the large-scale industrial units of 
today. The employer and owner working at the bench with his men, 
as he often did, was brought into intimate contact with them. He 
knew them personally to the extent of being their confidant in many 
cases. On the other hand, the employees were not entirely unfamiliar 
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with the difficulties which their employer encountered in managing 
his shop and in getting sufficient business to keep it running. Today, 
the employees in our large factories have little conception of the work 
of production or management and almost no conception of industrial 
sales and financing. Because the employee in the small shop under- 
stood better the difficulties of his employer, a more sympathetic adjust- 
ment of any differences between them was possible. There are many 
small shops, enjoying harmonious labor relations today, in which this 
nian-to-man contact exists. In our larger establishments, it is not 
possible to produce such conditions. It is one of the basic functions 
of the personnel department to approximate them, as far as possible, 
by developing better channels of communication between the manage- 
ment and the men, and better personnel relations. 

In every factory, disagreements or misunderstandings will develop 
between executives and their employees. Most of these differences 
could be adjusted satisfactorily. It has not been long since a factory 
foreman was virtually a czar in his particular department. He hired 
and fired men at his discretion. In some cases he seemed to feel that 
the security of his position depended on the exercise of iron-handed 
discipline. Men have been discharged on insufficient cause merely to 
impress the working force with the foreman’s authority. The fear 
of losing his job has been described by Whiting Williams as a powerful 
influence in the life of the worker. Theoretically, injustices to the 
worker can be corrected, in most plants, by appeal to the superintendent 
or some higher executive. It 1s not uncommon to hear a managing 
executive state that while his plant has no personnel department, the 
door of his office is always open to any employee in the plant. Actu- 
ally, the employee must adjust his differences with his foreman or they 
are not adjusted. If he goes over the foreman’s head, he may incur his 
enmity, to his own injury later. Furthermore, he is naturally diffident 
about presenting himself with some minor grievance at the office of an 
important executive. Yet these grievances, if allowed to go unat- 
tended, may grow into major grievances which may cause serious 
trouble. In any event, they are not conducive to good morale and high 
individual production. They seldom exist with the knowledge of the 
general management, but rather because the management cannot have 
an intimate knowledge of the details of shop management. It is there- 
fore one of the functions of the personnel department to see that the 
individual employees get fair treatment. To insure this fair treatment, 
most concerns, having well-organized personnel departments, place 
the final authority for hiring and discharge in the personnel department. 

It is not uncommon to find that a concern has a well-organized 
department for the procurement and control of materials, but rela- 
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tively little organization for the procurement and control of its labor 
inventories or the handling of labor problems within the plant. The 
cost of the capital which is tied up in the material inventories seems 
te be the more apparent. The cost of the capital which is tied up in 
the training of employees, the losses resulting from the poor selection 
of employees, improper placement and poor working conditions, and 
the cost of labor turn-over seem to be less apparent, although quite as 
real. Scott and Clothier have stated that there are three factors 
which should be considered before the worker can be placed to the 
best advantage. These factors are the capacities and interests of the 
worker and the opportunities afforded by the job.2. The worker reacts 
to his surroundings and the opportunities afforded by his job. A 
worker placed in congenial surroundings and on work in which he is 
interested is entirely different from the same worker when the condi- 
tions are reversed. The difference is reflected in his production. Some 
of our modern organizations have developed methods for the more 
scientific selection of employees in advance of hiring. Many of them 
are attempting to develop and capitalize the interests of their employees. 
They are providing opportunities for advancement in earnings or posi- 
tion which stimulate these interests and make loyal, steadfast em- 
ployees. They are beginning to show the same care in the procurement 
and maintenance of their labor inventories which they have previously 
shown in the procurement and maintenance of their material inven- 
tories. They are beginning to apply the methods of scientific analysis 
to the solution of their personnel problems. 

The Personnel Manager. The personnel manager controls the per- 
formance of these delicate and complex functions. Tle should have 
well-developed social instincts. The opinion is growing that industry 
is under a certain social obligation to provide fair wages and reasonable 
working conditions, consistent with reasonable service for the public 
and a fair return for the stockholders. Tle should be endowed with 
tact, ability, and personality, inasmuch as his work is largely of a 
personal nature, involving the application and control of human rather 
than physical forces. Unless he is able to win the confidence of the 
plant personnel, his work will be seriously handicapped. In addition, 
a knowledge of men and an ability to size them up with approximate 
accuracy are part of his equipment. 

With the human side of his job, there is a business and administra- 
tive side which is equally important. An industry is operated for 
profit. In the last analysis, the personnel manager must be able to 
show sufficient economic as well as social justification to warrant his 
continued existence in the organization. ITe must not only have a good 


1 Personnel Management, by Scott and Clothier, p. 15. 
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knowledge of the technique of personnel management, but he must 
also be able to transmute that knowledge into successful practice. He 
must be able io organize his department so that the day-to-day labor 
problems of the plant will be handled quickly and smoothly. Further- 
more, the labor demands of the plant are constantly changing with the 
changes in business conditions. Often the personnel manager is in a 
position to exercise business foresight in the building up of his labor 
forces somewhat as the purchasing agent attempts to forecast changes 
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in production and prices in the procurement of materials. Some back- 
ground of business and manufacturing experience should be part of 
the equipment of the industrial personnel manager. 

In large concerns which are nationally prominent, the work of the 
personnel manager may require more than ordinary tact and ability. 
Reference has been made previously to the growing realization of the 
social obligations of industry. The relation of personnel management 
to industry and the public is illustrated by the diagram in Fig. 90, in 
which the two spur gears, capital and labor, run together through a 
pinion which may be termed management. The whole system runs 
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within an internal gear which may be likened to the public. To a con- 
siderable degree, good personnel management acts as a lubricant which 
facilitates the smooth operation of the gear train. In many instances, 
the application of this lubricant is a delicate operation which requires 
all of the tact and ability that the personnel manager possesses. 
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The Organization of the Personnel Department. The personnel or- 
ganization in Fig, 91 is intended to emphasize the major functions 
in personnel management. Such organizations will vary between 
plants, depending on the nature of the personnel problems. As shown, 
the organization operates under the direction of a personnel manager 
who reports to the vice-president in charge of production. The func- 
tions of the various departments or sections of the organization have 


been discussed previously in Chapter VI. 


CHAPTER XXI 
PERSONNEL CONTROL—THE WORK OF EMPLOYMENT 


Sources of Labor Supply. In many respects, organized sources of 
labor supply are to the employment manager what the catalogue files 
are to the purchasing agent. When business is decreasing, the ques- 
tion of an adequate supply of Jabor may not be important. In periods 
of general business activity, when the production programs of most 
plants are expanding, the question of sources of labor supply may 
become very important. In general, they may be classified as external 
and internal. 

The usual external sources of supply are those which are developed 
from contacts outside of the present organization, such as casual appli- 
cants, schools and colleges, records of old employees, public and private 
employment agencies, and labor centers not immediately contiguous to 
the plant. Various means of working these sources are used, such as 
personal interviews, labor scouts, advertising, or correspondence. 

Many concerns depend largely on the casual applicants who come 
to the employment office. Such applicants receive interviews, their 
application blanks are received, and vacant positions filled as_ suit- 
able applicants present themselves. If an applicant cannot be hired, 
his application blank may be filed as a possible future source of labor 
supply. This source 1s never entirely satisfactory. In times of general 
business activity, good employees have good jobs at satisfactory wages. 
Tn dull times, when good men may be out of work, the concern may be 
hard pressed to keep its own organization together. In times of 
extreme business activity, the employment office gets many applicants 
of the “floater” type who are decidedly unstable and unsatisfactory. 
Furthermore, records of previous applicants are only a fair source of 
supply because a large percentage of them will have jobs when work 
for which they are suited becomes available. 

Schools and colleges are commonly used as sources of supply for 
technical and executive material which is suitable for further training 
with a view to filling executive positions ultimately. 

Records of former employees sometimes prove to be valuable 
sources of supply. Many times employees are lost, due to unavoidable 
lay-offs or voluntary separations which cannot be prevented. Often 
both the character of their work and their relations with the company 
have been satisfactory. If they can be induced to return when suitable 
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work becomes available, the company will save money. In many cases 
they require little or no training before they reach their maximum 
production. ‘They are familiar with the conditions under which they 
will work before they go on the job and as a result there 1s more 
assurance that they will remain with the company for a considerable 
time. 

Foreign sources are those which are not contiguous to the plant 
and its immediate territory. During times of great industrial activity, 
industries sometimes import labor from considerable distances. Dur- 
ing 1923 many concerns sent labor scouts into the South to bring 
North large numbers of unskilled negro laborers. The use of labor 
scouts is a phenomena which occurs when there is great competition 
for the available supplies of labor. Experience with this method 1s 
usually unsatisfactory. Often workers who accept the offers of the 
labor scout are floaters who are interested chiefly in getting transporta- 
tion to the city in which the plant is located. Many times these men 
work for a few days and then quit without cause. Furthermore, once 
they are landed at their destination, it may be necessary to provide 
housing accommodations for them. Other industrial centers soon 
adopt similar methods and the net result may only be increased competi- 
tion for available labor supplies and rapidly increasing wage rates. 
Advertising in foreign labor markets has much the same effect. 

Iexcept in the case of reputable employment agencies, specializing 
in the placement of trained workers, experiences with employment 
agencies are none too satisfactory. 

Internal sources of labor supply are those which result from con- 
tacts within the present organization. When a job becomes vacant in 
the organization, it is better to fill it by promotion from some lower 
position, if possible, than to hire a new employee. Less training is 
required, there are fewer interruptions to the normal routine of pro- 
duction and management, and greater probability that the vacancy will 
he filled permanently. Some concerns have worked out definite pro- 
motion policies and logical lines of promotion. 

In some instances concerns have adopted the policy of soliciting 
recommendations from their present employees. If the plant is a good 
place to work, the employces are anxious to get their friends into it. 
Such applicants come with a favorable impression of the plant. They 
already have friends among the workers. The chances that they will 
stay permanently are greater than they are in the case of the casual 
applicant. However, there is the danger that cliques may develop 
within the organization if too many friends and relatives get into the 
same department. The development of internal sources of supply 
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probably will pay greater dividends than external sources, in most 
cases. 

Personnel Office Layout. Adequate facilities should he provided for 
handling the flow of applicants and the work of the personnel depart- 
ment. In many plants it will be found that the employment office is a 
small box-like place in a corner of the plant, adjacent to the street. 
The applicant, coming to a small window, is told that there is or is not 
work for him. There is nothing attractive about the employment office, 
and the first impressions of the applicant must be largely negative. 
The more progressive plants are providing cheerful and attractive 
employment offices in which there are waiting-rooms having adequate 
seating capacity for the accommodation of the applicants. The appli- 
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cant for whom there is no work is more likely to leave with the 
impression that the plant 1s a good place to work than he 1s in the 
previous case. If at some future time he receives a card from the 
employment office stating that there is work available, there 1s greater 
probability that he will give it serious consideration. 

In the layout in Fig. 92 the arrangement of the waiting-rooms, 
interviewers’ offices, medical department, and the exit are such that 
the flow of applicants approximates a straight line as far as possible. 
Furthermore, the privacy of interviews is assured. 

Getting the Preliminary Employment Information. When the appli- 
cant comes into the employment office, he should be handled quickly 
and effectively. In the layout in Fig. 92 a clerk seated at a desk 
near the entrance gives an application blank to the applicant. In some 
cases the latter fills out the blank. In the case of low-grade labor, the 
application blank may be filled out by the door clerk for the applicant. 
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The completed blanks are arranged on the clerk's desk in the order in 
which they are received. IJ{ the interviewers specialize in certain kinds 
of labor, they are further arranged in this manner. Dy the use of a 
buzzer or an interphone, the clerk is notified when a particular inter- 
viewer is at liberty. The next applicant is sent to the interviewer with 
his application blank. 

The Application Blank. The purpose of the application blank is to 
bring out the more obvious characteristics of the applicant which affect 
his suitability for employment. The door clerk or the applicant fills 
out the blank with such information as does not require careful ques- 
tioning and the exercise of judgment. The remaining information 
must be obtained by the interviewer. The nature of the information 
contained on the blank is indicated by the form in Fig. 93. 

Many times the information on the application blank merely repre- 
sents the personal prejudices of the particular employment manager. 
The usefulness of the information obtained should be tested by some 
correlation with the results of job analyses and the data obtained from 
the labor-turnover records. 

The value of the files of application blanks as an aid in procuring 
labor depends on the availability of the information. Hundreds of 
blanks filed alphabetically according to the applicants’ names are of 
little use, as it is necessary to go through all of them to find out which 
individuals have the desired qualities. A series of key numbers run- 
ning across the top of the blank, representing labor classifications, on 
which distinctive flags can be placed, or cross filing by means of 
occupational cards, will increase the availability of the information 
greatly. 

In a relatively short time many application blanks become practi- 
cally valueless because the applicants have moved to other addresses, 
have obtained satisfactory employment elsewhere, or for other reasons. 
Some concerns periodically send cards to each person represented in 
their application files, requesting them to state whether they wish their 
applications continued. The cards of those individuals who do not 
reply within a given time are discarded. 

Determining Labor Requirements. The interviewer should have 
complete information regarding vacancies, present or impending, in 
the departments for which he employs. There are two sources from 
which this information may be obtained. One is the labor program 
and the other is the labor requisition. Just as the sales program is 
broken down into units, parts, and materials to form the basis of the 
materials and production programs, so in some concerns the production 
program is analyzed to supply the basis for a labor program. ‘The 
work of the personnel manager is facilitated if he can determine in 
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advance the probable demands of the plant to meet the production pro- 
gram for a given period. Jle may not be able to wait until these 
demands are actually made before commencing to build up the plant's 
labor forces. 

In addition to the labor required to meet an expanding produc- 

tion program, the employment section is constantly engaged in hiring 
men to maintain the existing personnel. Regardless of the excellence 
of the company’s labor relations, there will always be a certain number 
of separations from the payroll. As these vacancies occur, labor 
requisitions signed by the department head and approved by the proper 
authority should be forwarded to the employment office. On the 
authority furnished by these requisitions, the employment office pro- 
cures the necessary labor. In some plants, the department head merely 
makes a telephone request for labor. Flowever, the labor requisition 
gives formal authority for the addition of labor to the payroll and 
furnishes a basic record of the transaction. The information which 
usually appears on the labor requisition is indicated by the form in 
Tig. 94, 
The Labor Journal. Jn large plants, a labor journal may be kept in 
which all hirings are recorded. When the labor requisitions are re- 
ceived in the employment office, they are first recorded in the journal 
and then forwarded to the proper interviewers, possibly with the job 
specifications attached. When the requisitions have been filled, they 
are routed back through the journal and the transaction is closed out 
as far as the employment office 1s concerned. Fig. 95 is an example 
of a labor journal. 

At the end of the month the information in the journal can be 
summarized to give a report of hirings for the plant, by departments. 
More frequent reports on outstanding requisitions give a check on the 
efficiency with which they are being handled. 

The Interview. Many concerns have a rule that every applicant may 
have an interview, whether or not there is a vacancy of the kind in 
which he is interested. They feel that a brusque statement to the 
effect that there is no work, or a sign hung on the door of the employ- 
ment office to the same effect, is poor business, It is discouraging to 
tramp from one employment office to another to be met with this treat- 
ment at each place. If the applicant has an opportunity to talk for a 
moment with an employment executive and to leave his application 
blank, he is likely to go out with a friendly feeling toward the plant, 
which can be capitalized when later the plant may need men badly. 
Such application blanks may prove to be a valuable source of labor 
supply. During times of severe unemployment, it may be difficult, if 
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not impossible, to apply this principle completely, for the reason that 
the employment office probably will be flooded with applicants. 

The man who interviews applicants has a job which requires tact 
and shrewd judgment. He must have a good personality, be sym- 
pathetic rather than brusque and repelling, in order that he may draw 
out the applicant and obtain all information which has any bearing on 
the applicant’s suitability for the job in question. Some of this in- 
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formation may be of a personal nature. Ile should be a good judge 
of human nature to enable him to form some fairly accurate estimate 
of the extent to which certain intangible qualities, such as ambition, 
initiative, etc., are possessed by the applicant. It is difficult to measure 
such qualities objectively. Yet in many cases they directly affect the 
applicant's success on the job. The interviewer should be familiar with 
shop conditions, and in a general way with the requirements of the 
different types of work in the plant. His information probably will be 
reinforced by job specifications, giving detailed information about the 
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labor conditions and requirements of specific jobs. Finally, the inter- 
viewer should be able to see the point of view of the worker as well as 
the management, to the end that he will not oversell the job to the ap- 
plicant. If the interviewer overstates the conditions of work in order 
to recruit additional labor, a factor tending to cause dissatisfaction has 
been introduced. Some interviewers deliberately understate the de- 
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sirability of the job to avoid this situation. If there is any one quality 
which the interviewer should have more than any other, possibly it is 
good personality. As previously noted, the production of the worker 
is affected by his interest in his job as well as his capacity to handle it. 
The determination of the worker’s interests is a personal matter which 
depends on the interviewer's ability to gain the confidence of the ap- 
plicant and to draw him out with regard to them. 
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Getting the Foreman’s Approval. If the applicant appears to the in- 
terviewer to be suitable, he is usually sent, with an introduction slip, 
to the foreman or department head, who has the right of refusal. The 
introduction slip gives the man’s name and the job for which he is 
applying. In some plants the employment department engages em- 
ployees without previously consulting the men under whom they are to 
work, While the authority to hire rests in the employment manager 
in many of the more progressive organizations, there are many reasons 
why it is advisable to give the department head an opportunity to inter- 
view the men from whom he must get production, before they are 
hired. In the first place, this policy tends to strengthen the authority 
of the department head. In the second place, he is more familiar with 
the technique of the job which must be filled. His opinion as to the 
suitability of the applicant is correspondingly valuable. Finally, it is 
not entirely fair to hold an executive responsible for results from an 
organization, unless he has had some voice in the selection of that 
organization. If the department head is satisfied with the applicant, 
he notifies the interviewer to this effect by initialing the introduction 
slip. Otherwise the employment procedure stops at this point, unless 
the applicant is a suitable candidate for some other vacancy. 

The Physical Examination. If the applicant is acceptable to the de- 
partment head, the next step usually is a physical examination. The 
plant physician examines the applicant to determine his physical fitness 
for the job. In some cases the applicant may be suitable for employ- 
ment, but because of certain physical disabilities may be limited by the 
plant physician to the performance of certain classes of work. Small 
plants often cannot afford the services of a full-time physician. In 
such cases it may be necessary to defer the examination of the applicant 
until such time as the physician is in attendance. Preferably there 
should be regular hours for examination each day. A summary of the 
examination is usually entered on a small card, or on the application 
blank, and returned with the applicant to the interviewer. 

Testing Capacity and Skill. In a few of the more progressive plants, 
if the applicant’s physical examination is satisfactory, he is given cer- 
tain psychological or trade tests. If the applicant passes these tests, 
he is hired. As in the case of the physical examination, the results 
of the tests are entered on a card or on the application blank and 
returned to the interviewer with the applicant. Whether or not this 
step is performed depends on the policy and needs of the company. 
Most concerns do not give such tests, partly because they are still in 
the development stage. 

Hiring the Applicant. If the applicant is satisfactory, an employee’s 
history card and a notice of hiring are written. This notice, an ex- 
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ample of which is shown in Fig. 97, has the essential information 
relating to the job, the name of the employee, his starting rate, and 
other information which will permit the payroll department to record 
him properly on the payroll. In most cases, the notice of hiring is 
originated in triplicate. The original copy goes to the payroll depart- 
ment, the duplicate to the department head, and the triplicate is re- 
tained in the employment office. A fourth copy may be sent to the 
medical section for its information. If the employee does not go to 
work at once, the notice should show when he is expected to report. 
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The triplicate copy, with the requisition and the specification, 1s 

forwarded to the record clerks, who make the proper entries in the 
labor journal and file the papers. 
The Employee’s History Card. The employee’s history card is the 
company’s labor-asset record—the record of its human inventories, It 
is intended to give a brief but sufficiently complete history of the em- 
ployee’s connection with the company. As such it is a valuable aid in 
the work of promotion, wage adjustments, transfers, and the handling 
of the individual labor-relations problems which constantly arise. Like 
any other working record, the information which it contains should 
be current and in such shape that it is readily available. These records 
should be kept on file in the employment office. Figs. 98 and 99 
are examples of a history card. 

The principal groups of information which usually appear on the 
card are indicated on page 318. 
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1. General information. 
This includes information on the application blank which has perma- 
nent value, such as, 
(a) Name 
(b) Address 
(c) Race 
(d) Nationality 
(e) Marital status 
(f) Age, and similar information 
. Summary of the physical examination 
. Results of tests 
. Education and previous experience 
. Company record 
(a) Promotion and transfers 
(b) Company ratings 
(c) Suggestion record 
(d) Intramural social or athletic activities 
(c) Production or efficiency record 
({) Attendance record 


in 1m G bo 


As in the case of the application blank, the availability of informa- 
tion is important. The same device, suggested to increase the avail- 
ability of the information on the application blank, may be used with 
the employee's history card. 

Introducing the Worker to the Job. The manner in which a new em- 
ployee is placed on the job often is an important factor in determining 
the length of time that he stays with the company. In most plants, 
the employee is taken to his department by a messenger from the em- 
ployment office. The messenger hands a memorandum or notice of 
hiring to the foreman and leaves the employee with him, The fore- 
man takes the employee to the machine which he is to operate, gives 
him whatever instructions may be necessary, and tells him to go to 
work. The new employee is not acquainted with the men working 
around him. Te has little knowledge of the company or its methods, 
except that which is necessary for the satisfactory performance of his 
work. He has little opportunity to become acquainted with the plant 
or its products. Under such conditions, he can hardly be expected to 
have more than ordinary interest in his job. His first impressions of 
his job and the plant are cold and colorless. I<xcept for the occasional 
visits of the foreman for the purpose of supervising his work and 
giving such additional instruction as may be necessary, apparently he 
has been forgotten by the management. The new man misses his 
former familiar surroundings and is inclined to be hypercritical with 
regard to the conditions which he finds on his new job. He becomes 
dissatisfied easily and may quit before he has become accustomed to 
the new conditions. In most industries, the greatest turnover takes 
place among those employees who have been with the company less 
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than one year. Within this group the greatest turnover is among 
those who have been employed less than six months. 

Adjusting the New Employee. A number of methods have been used 
to ease the new employee over the period when he is breaking in on 
the job and becoming acquainted. In some cases, a representative of 
the employment office, rather than a messenger boy, takes the employee 
to his department. He is introduced by this representative to the fore- 
man and to the men on the machines near his own. During the first 
few weeks some one from the employment office may visit the depart- 
ment periodically and talk with the new employee to see whether or 
not he is making satisfactory progress and is satisfied with his work. 
As a result, the new employce is more likely to feel that he is some- 
thing more than a productive unit in a large organization: that the 
company has a personal as well as a profit-making interest in its 
employees. 

Some concerns use department personnel representatives or spon- 

sors. These representatives are employees in the department who are 
picked for their understanding, judgment, and personality. In addi- 
tion to their regular duties, they are expected to make the new em- 
ployees feel at home. For this service they are paid something in 
addition to their regular rate of pay. They introduce the new man 
to the men in his department, acquaint him with the building, inform 
him of the customs of the shop, and make it as easy as possible for him 
to adjust himself to his new job and surroundings. 
The Book of Rules. Most plans provide new employees with a book 
of rules stating employment regulations and the company's labor policy. 
In some cases it explains the aims and ideals of the company, with 
the object of arousing the employee's interest and creating a favorable 
first impression. The book may contain some discussion of the prod- 
ucts and the methods which are used in manufacturing it. Some com- 
mon topics treated in the rule book are: 


(1) Standard hours of work. 

(2) Holidays. 

(3) Payment for overtime. 

(4) Information regarding the employee’s benefit association. 

(5) Rules covering absence and tardiness. 

(6) Information regarding educational opportunities in the plant. 
(7) Rules governing quits and dismissals. 

(8) General information regarding the product and the business. 


In some cases the excellent policies stated in such booklets are not 
applied in actual practice. As a result, employees often are skeptical 
regarding the degree of sincerity in back of such statements, and give 
their booklets only a cursory examination before throwing them away. 
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Unless the policies are honestly conceived and applied, their statement 
in the book of rules may do more harm than good. 

Familiarizing the New Employee with the Plant and the Product. 
One of the biggest problems in industry is the employee's lack of 
knowledge of the functions and duties of the different units of the 
organization and the various processes necessary to the manufacture 
of the product on which he works. The average employee has little 
knowledge of the operations which precede or follow his own. IIe is 
familiar only with that portion of the work which passes across his 
machine or work-place. With such a restricted view of his job, he can 
hardly be expected to have a real interest in it, except in so far as he 
is stimulated by some wage incentive. Under such conditions, almost 
any job becomes extremely monotonous. This is most serious in the 
case of the new employee who is easily dissatisfied with his conditions 
of work, To counteract this situation some concerns give lectures, 
illustrated with motion pictures, at which the new employees are 
shown the different operations and the relation of their work to the 
various production processes. 

The Responsibility of the Interviewer. One of the best ways of 
introducing the new employee to the job is to thoroughly acquaint him 
with the conditions surrounding the job before he is hired. Jf he gains 
one impression of the job when he is hired and then finds that it is 
materially different when he is put to work, probably he will be dis- 
satisfied. It requires only a few moments at the end of the interview 
to acquaint the applicant with the essential details regarding the condi- 
tions under which he must work. 


CHAPTER XXII 


PERSONNEL CONTROL—HEALTH CONTROL AND 
MEDICAL SUPERVISION 


The Scope of Medical and Health Work. The medical section ob- 
viously is concerned with the practice of industrial medicine. Industrial 
medicine has been defined by the United States Public Health Service 
to be “the theory and practice of medicine applied to the purpose of 
preventing and alleviating sickness and injury among industrial work- 
ers in order that they may enjoy the benefits of continuous, productive 
employment.” This definition takes in a broad field which is only 
partially covered by most concerns. The average emplover is inter- 
ested chiefly in preventing and reducing the losses which result from 
a poor selection of employces, from the standpoint of physical capacity, 
and from poor health conditions among the personnel of the plant. 
The Medical Section—an Aid to Production. There are a number of 
ways in which the plant physician can aid production. Ile can see that 
the employees are suited physically to their work. Sometimes he can 
prevent injury to workers on operations where normally there are 
considerable health hazards. By controlling sanitary conditions within 
the plant he is able to safeguard health generally. [Te may be able to 
conduct studies of operations, in codperation with the plant industrial 
engineers, which will reduce the effects of industrial fatigue. In gen- 
eral, his job is to keep the working force tuned to the highest pitch 
of physical efficiency. If his work is well done, the results are re- 
flected in increased per capita production. 

The Examination of Applicants. The purpose of the medical exam- 
ination of applicants is to insure that the physical capacities of the 
applicant meet the requirements of the job, to guard against the intro- 
duction of any communicable diseases which might endanger the 
workers’ health, and to record any compensable disabilities received on 
previous jobs in order that the company may he protected against 
claims under any existing state compensation laws or suits at common 
law. An example of a medical examination blank 1s shown in Figs. 
100 and 101. 

Sometimes the objection is raised against the medical examination 
of applicants that it is unfair to those workers who have disabilities 
for which they are not to blame; that 1f the practice became universal, 
certain workers might be forced to become public charges who might 
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Form A-302 
PHYSICAL EXAMINATION RECORD, CITY. 
_ Applicant to answer the following eae 
NAME—____._____ ne DEPT.—______—___--._. 





OCCUPATION —-—. 
Age -—____Single_-_.. ——_Married-——- —. Wid.__________. Dependenta—______. 


Trade: 
Have you ever had an operation? —_________._. Fer what?—__ — 

















ne om 








ne 


What serous accidents or diseases have you had?_..—-—____»>_->_ ~~ S- -S TFS. 





—e 


When were you last treated by a physician? 2 


~~ 














For what? ———______.__ 
Are you in good health at present?—. ——________—_ 
Are you ruptured? —.— Do you wear glasses? 


Have you been successfully vaccinated within the last five years?—_—-- 
Remarks: —. —-————__________.. 





























Fe een RTS PE oF da a NE a Oe ne en ee NEES 
eee ~——-— Apphcant’s Signature———____--____._ —____--_____—_- —_——. 
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1G. 100 
A Puriysicat. EXAMINATION R¥FcoRD—FRONT 


Specia) attention should be given to physical condition of applicant to determine fitness far occupation assigned 





























Sex Height-_____—_in. Weight. Ibs. Be fon Blood- | Syste 

Vision — Right -Lelt. | ae ee eae pressure \p oli 

Hearing Right-_________Left . ___._. , Temperature - \eregular peas: 

General Appearance——____ ____ _._ _____.... -.. : Heart Scahee tate tee nasa Aed, «eee 
ates miles note _ ; Atheroma 7 














Please note any characteristic marke that will dently applicant, such as moles, acare, crowned teeth, tattoo, ete. 
































Head ee Nose —- - 2° a, toast tas Sinces 
Eare - Mouth ar as 
Teeth —— Tenmeile: 9 02s 222 Sree 3 ee 
Lungs -————_____________.._.. . 

Skin ——————____ —_________ ___ G, U. Organs ———____...__ 

Abdomen —— ——_____ —____ Liver_ oa = Stemach — -— -——--... — - .... ry 

Inguinal Region——_____.__>_ EE Herna - — -———____ Rectum ie we ees 
Extremities — Vanicositres — -—___ Arches ————. -—-.__ . __. 
Nervous System..-. ——. - eee ee Reflexes. SS a 

Urinalysis Specific gravity Reaction Albumen i = Sagat ote + 
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Ie there any condition present that wiil require surg.cal correction? 
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Is the @ ary cond.t.on present that will cause frequent temporary disability? 
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Do you recommend the appl:cant for employment?—________ 


—_ Signatwie-— -.-- - _-_ . setae eed pee te M. D. 
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FIG. 101 
A PrysiIcAL EXAMINATION RECORD—BACK 
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otherwise be able to support themselves. As a matter of fact, a very 
small percentage of applicants is refused employment because of physi- 
cal disabilities. Most applicants either have no disabilities or are 
debarred only from specific classes of work. In any case, the appli- 
cant receives valuable information regarding his disability which may 
aid him to remove it. Obviously it would be most unwise to employ 
an applicant in the first stages of tuberculosis for a job in a grinding- 
room, where the air may be filled with fine emery dust. It may be 
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A Doctor's Rerort oF ABSENTEES 


objected that the medical examination of applicants is an unwarranted 
interference with the personal affairs of the employee. While there 
is such interference, it cannot be called unwarranted, for the reason 
that an emplovee has no right to bring into the plant a communicable 
disease which may be a menace to the health of his fellow employees. 
With some johs, lack of physical capacity may result in accidents, en- 
dangering the lives of other workmen. For the most part, an indus- 
try is better off without those who refuse to take the physical ex- 
amination. 

The Medical Examination of Employees. Some authorities have ad- 
vocated the practice of periodically examining all employees in the 
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plant. At present this is not the general practice. An applicant may 
be in perfect health at the time of employment. Six months later 
his physical condition may have changed radically. This is particu- 
larly true when the job has considerable health hazards. Unless the 
medical department conducts periodic audits of the general health of 
the working force, it may not immediately be aware of such condi- 
tions. The relation between the health of the employee and his daily 
production is so direct that in some cases the medical department is 
furnished with a copy of the daily production record of each employee. 
In other cases, the production department sends to the medical depart- 
ment those employees whose production shows a tendency to fall off, 
unless there is some apparent reason for it which has nothing to do 
with the man’s physical condition. If this policy is linked up with a 
policy of periodic health surveys, the physical efficiency of the work- 
ing force can be maintained at a high state. Many concerns urge their 
employees to report any physical disabilities to the medical department 
as soon as they become apparent. In the majority of cases, the em- 
plovees will not do so until the disability interferes seriously with their 
earning power. Sometimes, concerns which do not conduct periodic 
health surveys require that employees must receive a medical examina- 
tion before they can be promoted or transferred to a new job, or before 
they can return to work after a period of illness. Measures such as 
these, combined with general health propaganda in the shop, pay for 
themselves by improving health and living conditions in the worker’s 
homes, reducing the amount of tardiness and absence, systematically 
matching physical abilities with conditions on the job, all tending to 
increase per capita production. 

The Visiting Nurse. A few plants employ visiting nurses in connec- 
tion with employee health maintenance. Usually, the visiting nurse 
visits the home of the employee after he has been absent for a certain 
length of time to determine the cause of his absence, and in case of 
illness to give such advice as may be necessary. At other times the 
nurse is available to the employees or their families at their request. 
The services of the nurse should not be forced on the employees. 

In addition to possessing skill in her profession, the visiting nurse 
should be tactful, should have a pleasing personality, and should be 
imbued with a genuine desire to be of service to the employees and 
their families. After she has gained the confidence of the employees, 
the nurse may be able to perform a number of services which are 
not strictly in the field of nursing, but which will tend to improve the 
standards of living of the employees. To illustrate, the visiting nurse 
may be asked to give advice in the making of family budgets, dietetics, 
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and the care of children as well as the care of the sick. The services 
of the nurse usually are free to the employees. 

There is some danger that activities of this nature may become 
paternalistic. I¢xcept in the case of continued absence of the employee, 
the visiting nurse should not visit his home unless requested by him 
to do so. It is the responsibility of the medical department to sell the 
value of the nurse's services to the employees so that requests for these 
services will come from them spontaneously. Expenditures for the 
services of a visiting nurse are usually justified on the grounds that 
her work tends to improve the health and morale of the workers 
through improved home conditions, and as a result increase their regu- 
larity on the job and their productive efficiency. 

Plant Sanitation. The use of health propaganda has been mentioned 
previously. An important field for the plant physician is plant sani- 
tation. Not only should he constantly endeavor to educate the em- 
ployee regarding matters of personal hygiene and general sanitation, 
but he should also endeavor to safeguard the health of the workers 
by inspecting periodically the sanitary conditions in the plant. In 
some cases this work may involve bacteriological examinations of 
drinking water, installations of sanitary drinking fountains, proper 
locker room and toilet facilities, the prevention of occupational dis- 
eases through the introduction of proper sanitary methods, the installa- 
tion of sanitary shower and wash rooms, sewage and garbage disposal, 
the removal of dust and fumes and similar activities. 

Emergency Medical Service and First Aid. In many modern fac- 
tories the emergency medical service has had considerable development. 
The extent of this development depends on state requirements, the size 
of the company, the attitude of the management toward personnel 
work, the degree of hazard in the various occupations, and the relation 
of the company to the community. Almost all of our industrial states 
require some emergency medical service. In many cases, little more 
than first-aid kits, conveniently located, is required. The emergency 
service varies from this up to complete service in the plants of some 
of the larger corporations, such as the United States Steel Corporation, 
which maintains a number of completely equipped hospitals. One 1s 
shown in Plate 26. Those industries whose occupations are hazardous 
or whose products are such that they may carry the diseases of em- 
ployees to the public usually spend relatively larger sums for medical 
and hospital service. Some large corporations located in small com- 
munities provide extensive medical service, partly because they domi- 
nate the social as well as the economic life of the community, which 
must look to the corporation for such service. 

In connection with emergency medical service, the training of first- 
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aid crews may be a part of the work of the medical department. Where 
it has been formally organized, it may include training under the super- 
vision of the company doctors, lectures, demonstrations and drills. 
Usually no employee can be appointed to a first-aid crew until the 
plant physician has certified that he is competent in such work. In 
order to stimulate interest, some companies hold annual competitive 
drills between their first-aid crews. 

The Cost of Medical Service. Many concerns spend considerable 
sums for plant medical service. In some cases greater amounts must 
be expended than in others because the occupations are hazardous, the 
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FIG. 103 
Emerovere’s Heartu Recorn 


men work long hours, the work is very monotonous, the nature of the 
industry is such that diseases of employees can be disseminated among 
the public by means of the product, or, as previously pointed out, the 
relation of the company to the community makes it advisable. To 
illustrate, the food and mining industries usually spend more for 
medical service than the average industry. The following figures give 
a comparison of the relative amounts expended by different industries 
for medical service. They are taken from the July, 1921, issue of the 
Monthly Labor Rewiews of the U. S. Bureau of Labor Statistics. 
While the individual items probably do not accurately represent present 
expenditure, it is probable that the relation of these figures to one 
another is reasonably correct, 
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Number of Annual cost 


Industry employecs per person 
PDS IV Gockel Seed ne oh etre eee eer 8,225 $ 7.88 
PACOMO DiC eis ors oF ee ie toe aa ee eae ee 32,212 5.68 
Boot and shoe... 0... 0c. ccc cece cee ee cecucueeeeeaen 15,189 7.75 
CREMNICAIS = 4.4.0 eco we ea ad eee en cose Seamer clies 21,080 6.38 
COUN ctca.ok orice oa a ea-aurdtee Cae ae ee a ae ne ee 622 4.70 
TICCHHICNE:.. 2924564 bb hea Ss See orn eho 6 ER AS 101,272 3.15 
TOGd PLOGUClS 3 ne ih oie ee ditan eee eae oe ere 31,489 8.40 
POUNCEY soe fase osise eeee eeteoee ba 6s ee ha ee aes 4,164 4.18 
Tron. andl StOCl 3 nt hehe ees he eee Ee On ewes 105, 263 4.10 
Metal manufacturing.... 0.00.00... cee ee eee eens 207 , 900 3.75 
Wino c oui eh elon eee hee bercode weee aes ata hen 8, 600 24.40 
PPM oe cites aosiaite be des nae ww eae ede Bee 6,952 2.45 
PUDNC AICS nse ncetey Maes eee ea whe Ge Mawes ee 15,867 5.15 
IM ODORS sickes atenciteeiheie ated te ee a eek ac ateen alee aes 40,688 5.41 
Smelting and refining.......0 00.00.00... cece ee eee 87,932 8.41 
POEREINES 26 ao ede ae Se aw AS Cees sa Ree ea aes 55,048 3.59 
TBO UO ees la ed ak citer tas een ese atee tg Pee atte 13,580 1.84 
RSCG HANEOUS veri ohh fice gett nae ele daha hee whee eines aes 20,405 2.81 


The number of employees refers to the number of employees in the 
establishments surveyed in each group. The average cost for all indus- 
tries was stated to be $4.43. 

While medical service is rarely given with the idea of making a 
profit, certain savings will result from it. The employee is returned 
to the job with a minimum loss of time. In many cases, compensation 
to injured employees or compensation insurance premiums are reduced. 
Regularity of attendance is increased. The generally higher level 
of health often results in increased per capita production. 


CHAPTER XXIII 


PERSONNEL CONTROL—EVALUATING THE JOB AND 
THE MAN 


I¥ maximum performance is to be obtained, there should be some 

reasonably accurate determination of the personnel requirements of a 
given job, the capacities of the man being considered for that job and 
the relation between the two. A number of instruments and methods 
have been developed for evaluating these factors, of which the more 
important are the job analysis, the rating scale and various objective 
tests of capacity. 
Job Analysis. A job may be defined as a work assignment involving 
operations which distinctly distinguish it from other work assignments. 
The job analysis is an analysis of the job and the conditions surround- 
ing it, from the standpoint of personnel control. In this respect, it 
differs materially from a time study. Its purpose is to procure for the 
personnel department information regarding the job and the worker 
which will facilitate the work of employment, promotion, transfer, and 
training. 

The information obtained by the job analysis may be divided into 
two classes: 


(1) That which concerns the work. 

(a) Name of the job. 

(b) Job symbol. 

(c) Departments which have the job. 

(d) The nature of the work and the responsibilities involved. 

(e) Conditions surrounding the work, such as shift hours, speed, accu- 
racy required, posture, monotony, health or other hazards, wage 
payment methods, starting rates, and similar information. 

(2) That which concerns the worker. 

(a) Experience required. 

(b) Education required. 

(c) Physical requirements. 

(d) Language. 

(ec) Personal characteristics. 


Methods of Making the Analysis. Three methods which have been 

used in the making of job analyses are observation of the worker on 

the job, interviews with his superiors, and the use of questionnaires. 

Probably the best method is to send an analyst into the shop to deter- 

mine by observation, the personnel elements which enter into each 
328 
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job. As in the case of time-study observations, the employee should 
be thoroughly informed regarding the purpose of the observation. 
Studying the Job and Collecting Data. For each job, the analyst 
notes the general character of the work. He observes the employee 
at work to determine what he does and how he does it in order to de- 
termine the nature of the demands which the job makes on the em- 
ployee. To illustrate, he may find that the work is very fine, requiring 
constant attention and causing considerable eye strain. As a result 
of his observations and conversations with the employee, he will work 
up considerable information regarding the job, similar to that pre- 
viously mentioned. 

After this study has been made, the information obtained should 
be checked by an interview with the foreman. The employee’s idea 
of his job and the foreman's idea of it are not always the same. Fur- 
thermore, the foreman's opinion is not always correct. Quite often 
the worker, because of his closer contact with the job, may point out 
certain personnel elements entering into it which have not been ap- 
preciated by the foreman. Conversely, the foreman may point out 
certain angles of the job which are not apparent to the employee, for 
the reason that he is not looking at the job from an administrative 
standpoint. One of the problems of the analyst is to harmonize these 
different viewpoints and to determine what the personnel requirements 
of the job really are. In checking up these requirements, the analvst 
must bear in mind that the supply of labor fluctuates with business con- 
ditions and rarely is it possible to secure the ideal man for the job. 
Usually, the employment office must be content with something con- 
siderably less than the ideal. ‘Therefore, he must determine what are 
the minimum qualifications for the job as well as what are the desirable 
qualifications. 

In the shop, questionnaires are unsatisfactory. The questionnaire 
is likely to be inelastic. It is difficult to design one which will draw 
out all of the essential information concerning each job in the plant. 
In the second place, the average employee or shop exccutive will not 
take the necessary time to make out a questionnaire correctly. I*ur- 
thermore, questionnaires are likely to interfere with production to a 
greater extent than the observational method. They may be made out 
incorrectly, due to the fact that shop workers usually have only a lim- 
ited education, and may misinterpret various questions. Itven when 
filled in properly, they are likely to be smudged with grease and dirt, 
making them illegible. 

Making the Data Comparable. The comparability of job analysis 
information is important. To increase comparability and to facilitate 
the determination of the requirements of the job by the interviewer 
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when the analysis has been written up in its final form, the degrees 
in which they may be held should be established for the various per- 
sonnel elements or qualities. The method is illustrated by the fol- 
lowing code for evaluating the degree of judgment which is required 
for a given job.’ Of course, such codes must be developed to meet the 
conditions existing in the particular plant. 


Judgment 
A—Errors may cause loss of life. 
— " “ personal injury. 
C— * ” “ money loss. 
D— “ . “ — confusion—inter-departmental. 
E— “¢ " “ _ inconveniences—intra-departmental. 


F—None required. 


These code letters may appear in a bracket on the final job speci- 

fications, opposite the name of the quality, to enable the interviewer 
to get a quick, approximate impression of the job. 
Job Classification. Defore the work of job analysis has proceeded far, 
probably it will be noted that there are jobs in different departments 
which may differ from one another in so far as the details of per- 
formance are concerned. Nevertheless, their personnel requirements 
are practically identical. In other cases, jobs in different departments 
may differ only in the names which have been applied to them. It 
is desirable that all jobs which have the same personnel requirements 
shall be covered by the same job specification. 

To accomplish this, jobs should be classified following their anal- 
ysis. For the reasons indicated above, this classification may not 
be the same as that which has been worked out to meet the needs of 
the production organization. At the start of the work, however, it 
may be convenient to use the existing classification. As the work 
proceeds, it may be necessary to change the names of certain jobs 
because they are misleading. In other cases, the present job name 
may be eliminated entirely and the work listed under some other job 
symbol and name. The classification should be based on an analvsis 
of the personnel elements involved in the various jobs. When the 
work of classification has been completed, job numbers or symbols 
should be assigned to each job which is distinctly different in respect 
to its personnel elements. 

Job classification facilitates the work of the personnel depart- 
ment by reducing the opportunities for confusion and by simplifying 
the handling of labor requisitions, requests for promotion, quits, and 
transfers. All requisitions for labor should bear the number or symbol 
of the job affected. Fach job specification also should bear the num- 

1 Personnel Management, by Scott and Clothier, p. 155. 
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ber or symbol of the job which it covers and in addition the symbols 
of the jobs from and to which promotion is possible. In addition, job 
classification will also assist in the development of a rational wage 
classification. 
The Job Specification. When the job analysis has been completed, 
the information is written up in its final form, known as the job spec- 
ification. The conditions surrounding the job and the duties and 
qualifications of the employee should be stated in general terms to 
vive the greatest possible elasticity to the description. Obviously, there 
can be little or no elasticity in so far as the minimum qualifications 
are concerned. The applicant must have these or he is not eligible for 
employment. In so far as the desirable qualifications are concerned, 
considerable elasticity may be possible. Some job specification sheets 
ure so designed that check blocks may be used to indicate the minimum 
degrees in which various qualities should be present in the applicant 
and the conditions which surround the job. The nature of the in- 
formation contained in the job specification is shown in Fig. 105. 
When the job specification is approved, it should be submitted to the 
department heads affected for their criticism. 

The job specification has a number of advantages. It establishes 
a mutual understanding between the shop and the office regarding 
the requirements of the job. Such an understanding greatly improves 
the efficiency of selection, which in turn is reflected in greater produc- 
tion and less turnover. The job specification also can be used to give 
the applicant a better understanding of the job and the conditions sur- 
rounding it. Too often the interviewer satisfies himself regarding 
the qualifications of the applicant before sending him to the foreman, 
but the applicant goes on the job with an incomplete and sometimes 
erroneous picture of his future employment. The disadvantages of 
this have been discussed previously.) Furthermore, the interviewer 
cannot be familiar with the training requirements of each job in the 
plant. With the job specification, these requirements are constantly 
before him. In some cases the applicant may have the minimum train- 
ing requirements but additional training may he desirable. If this 
is the case, the interviewer can notify the training department to this 
effect. In this manner, the specification links up the work of employ- 
ment with the work of training. It also has the advantage that it assists 
considerably in training new interviewers. Tf they are not particularly 
familiar with the plant or with the work of employment, the job spec- 
ification gives them a fund of information which makes it possible 
for the employment department to maintain a higher quality of service 
in the selection of employees than would otherwise be the case. Finally, 
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the specifications assist in the work of promotion and trans fer for the 
reason that all lines of promotion appear on the sheet, insuring that 
all who are eligible will receive consideration. In short, Job_speci- 
fications assist greatly in placing the work of employment on a scientific 
basis. 

The Rating Scale. The rating scale is intended to furnish a method 
of obtaining comparable measures of those qualities which are nec- 
essary to success in a given line of work, but which are too intangible 
to be measured objectively, such as ambition, initiative, and personality. 
In many kinds of work such qualities may have an important bearing 
on the employee's value to the company and his possibilities for pro- 
motion. 

In some plants, department heads are asked to rate their employees 
according to their opinion of their general ability. They may be fur- 
nished with some crude form of rating scale in which the qualities 
to be rated are listed at the left of the rating sheet. At the right may 
be check columns headed excellent, good, fair, poor. The executive 
is expected to check the proper column opposite each quality. The 
objection to such a device is that the executive's opinion regarding the 
extent to which these qualities are held is likely to be too inaccurate. 
Furthermore, recent events may unduly color his judgment. If the 
employee has done something displeasing to his superior, he may be 
rated unfairly. Previous good work is likely to receive less than its 
proper weight. It 1s also true that executives will not agree exactly 
with regard to the definitions of the various degrees of a given quality 
represented by the adjectives excellent, good, poor, fair, etc. 

The selection of the qualities to be rated also is important. Those 
characteristics which can be evaluated objectively should not be rated 
hy means of a rating scale. To illustrate, if we have reliable records 
of individual production, productivity should not be rated by such 
means. 

In view of the above considerations, some rational technique for 
rating employees may be desirable, at least in so far as certain groups 
are concerned. 

Fig. 106 is an example of a graphic rating scale. The qualities 
to be rated are listed at the left of the rating sheet. Usually a quality 
is not indicated by name, but by definition. If the name of the quality 
does not appear, the rater is forced to read the definition, and as a 
result it is more likely that he will rate the quality on the basis of the 
standard definition, rather than on the basis of his own definition, 
which may be somewhat different. After the definition of each quality 
appears a line. At different points under the line are descriptive words 
or phrases indicating the different degrees in which the quality may 
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be held. I*or reasons previously stated, the words good, poor, bad, 
etc., are not used. The rater makes a check on the line at the point 
which in his opinion represents the degree in which the quality is 
present. 

Values do not appear on the sheet for the reason that they may 

influence the rating. The evaluation of the ratings can be done in 
the personnel office by a clerk. The lines opposite each quality are 
of equal length. A strip of the same length, divided into ten equal 
parts, is laid on the line. If the phrases indicating the highest degrees 
appear at the left of the lines, the spaces on the strip are numbered 
from the right. The clerk notes the space in which the check mark 
falls and enters that value for the quality accordingly. The total of 
the scores is a measure of the extent to which the qualities rated are 
present. 
Correcting for Rating Tendencies. Usually there are differences in 
the strictness with which different executives will rate the same em- 
plovees. With one executive, a score of 75 or better may constitute 
an “A” rating. With another executive, 65 or better may constitute 
an “A,” for the reason that he rates more strictly. Unless correction 
is made for these rating tendencies, ratings by different executives for 
the same employees are not exactly comparable. 

Correction may be made by arranging a large number of ratings 
by a given executive in numerical sequence. Consider that the highest 
10 per cent represent “A” ratings, the next 20 per cent “B” ratings, 
the next 40 per cent “C” ratings, the next 20 per cent “D” ratings, 
and the lowest 10 per cent “Ie” ratings. From this analysis the ten- 
dency for the executive may be determined. To illustrate, an analy- 
sis of a given executive's ratings may give the following results: 


Rating Numerical scores 
Pi, esaaclevsies dale Poueaa hare bheae Rircantie ts 60— 
Re cede vesa hs ewebtes es mewead nem ew ee 50-59 
Ce ee teat alae ott aes 38-49 
TD, Saree cece oh wid eSecer wre he conn oar ase ks 28-37 
Mee: te hres ie esas a eente lids fee tte Ban ae —27 


Another difficulty is the tendency of raters to be affected by re- 
cent events. To get away from this effect, the employee should be 
rated by more than one executive, who are acquainted with his work. 

The executive should take sufficient time in making the rating 
in order that it may represent his best judgment. Usually he is pressed 
with work and it is difficult to get him to give this time. Before execu- 
tives are asked to make ratings, they should be educated regarding the 
nature and possibilities of the rating scale until they are sold on its 
use. In addition, they ought to receive some instruction regarding the 
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making of the ratings. Otherwise the results may lose some of their 
comparability. 
The Value of Proper Ratings. Inasmuch as productivity is only part 
of the story in so far as promotion is concerned, ratings of various 
intangible qualities which directly affect success may he decidedly val- 
uable. This is particularly true in connection with those occupations 
which are of an executive nature or which lead to executive work. 
In connection with clerical work where it is difficult to determine in- 
dividual productivity directly, ratings may be of assistance in connec- 
tion with wage adjustments as well as in promotion. Just how far 
down in the organization the rating scale can be applied profitably 1s 
a question which is open to debate. Inasmuch as these intangible 
qualities have little bearing on the success of the average shop op- 
erative, it is doubtful if rating scales should be applied below the rank 
of foreman or assistant foreman. 
The Selection of Applicants. Jn connection with the routine of hir- 
ing, the problem of properly selecting applicants has been mentioned. 
Poor methods of selection may cause great suffering and unhappiness 
among workers and considerable loss to employers. If the method of 
selection consists chiefly of attempting to drive the square pegs into 
the round holes rather than to fit them to the square holes, there wil! 
be considerable unnecessary Jabor turnover in the plant. Unless the 
employee is adapted to the work which he is performing, he cannot 
be happy in it and his interest will be most perfunctory. Under such 
conditions, it 1s unreasonable to suppose that the quality or the quan- 
tity of his work will be highly satisfactory to the management. LEventu- 
ally he will quit in order to obtain work which is more to his liking, 
suffering temporarily the hardships of unemployment. For these rea- 
sons, much thought has been given to the problem of developing meth- 
ods which will permit a more scientific selection of employees. 
Many methods of selection based on palmistry, phrenology, graphol- 
ogy, physiognomy, or psychology have been used in industry. With 
the exception of physiognomic and psychological methods, they have 
not had any considerable application. Physiognomic methods are based 
on the theory that the mental characteristics and capacities of an in- 
dividual can be determined by a visual audit of his physical character- 
istics. It is a common belief that a man can be “sized up” by his 
appearance. Scientific experiments have shown that the degree of 
accuracy with which this can be done is very low. Executives who 
pride themselves on being “good judges of men’ often are merely 
affected by what might be termed a “physiognomic complex.” Psycho- 
logical methods have a scientific basis and seem to offer the only real 
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hope for the development of scientific methods for the selection of 
applicants. 

Psychological Tests for the Selection of Applicants. The predic- 
tion of probable performance by means of psychological tests is not par- 
ticularly new when measured in relation to the development of modern 
management, but the development of such tests to meet the needs of 
industry is comparatively recent. Columbia University began to give 
psychological tests to its freshmen in 1894. However, no considerable 
applications of psychological methods were made in industry until after 
the World War. 

Psychological tests are devices which are intended to give some 
measure of mental capacity or ability. The field of vocational psy- 
chology is concerned largely with the relation of such tests to voca- 
tional aptitudes. The tests are usually an application of the principle 
of sampling. That is, all of the psychological elements which may 
affect a man’s performance on the job cannot be measured completely, 
so an attempt is made to get some objective measure of those which 
appear to be the more important. Similarly, the tests cannot be ap- 
plied to all of those who are engaged in a given occupation in order 
to determine the value of the different tests, so they are applied to a 
representative group. While there is some question regarding the 
propriety of attaching concrete values to the results of psychological 
tests, it is desirable from the standpoint of administration and com- 
parability to make the results of the tests as quantitative as possible. 
The Administration of Tests. In giving psychological tests, there are 
certain considerations which should be borne in mind. In the first 
place, the tests should be given under standard conditions. If a test 
is given to a group of people in a warm, well-lighted room on one day, 
and to the same group in a cold, poorly-lighted room on the next, 
there may be noticeable difference in the results. 

Furthermore, the subject's attitude 1s important. If a person takes 
a test in a highly nervous condition, it is obvious that the results of the 
test will not afford a true measure of his capacity. It is desirable that 
the examiner have sufficient personality so that the subject may be 
restored to as nearly a normal condition as possible. The examiner 
should be properly prepared so that the tests will run off smoothly. 
Any hitch in the proceedings may affect the results of the tests se- 
riously. 

In this connection, the preliminary instructions are important. Good 
results cannot be obtained unless the subject is thoroughly familiar 
with the nature of the tests and the manner of performing them. 
Where written tests are being given to a large group of subjects, it is 
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the usual practice to give a verbal explanation of the procedure, an il- 
Justration of the manner of performing the tests, and some limited 
practice with a sample set of tests. 

Another factor in the administration of tests is the incentive to 
perform them creditably. An applicant for a job has a natural in- 
centive to do the best that he can. He wants the job and will go 
through almost any reasonable procedure to get it. However, the sit- 
uation is different when psychological tests are given to employees. 
Probably the best method of determining the value of a test is to apply 
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it to the group on which it is to be used normally, and then to check 
the tests against the actual results on the job. Unfortunately, the 
group on which the tests are to be used is the applicants. The gath- 
ering of actual results after employment involves too much detail and 
time. Therefore, it is necessary to use the next best group, which 1s 
the employees on the job. They are less desirable as subjects, for the 
reason that they already have their jobs and therefore it will be neces- 
sary to supply some other incentives to creditable performance. Such 
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incentives may be the possibility of promotion, pride of accomplish- 
ment, and competition. 

Methods and Types of Responses to Tests. There are different meth- 
ods and types of response to tests. The examiner may put certain 
questions to the subject and he may respond orally. In other cases the 
questions may be printed on a standard form and the responses may 
be written in blanks on the form. A third method of response is by 
performance. The subject may be required to perform certain oper- 
ations. His performance is checked by the examiner. An example of 
a test of this kind is the picture test, in which certain important de- 
tails have been left out of each picture. The quickness with which 
the subject checks the missing details is a measure, among other things, 
of his quickness of perception and his ability to correlate. 

There are two types of response, free and restrained. In the first 
type, certain questions are put to the subject and he is permitted to 
answer them in his own way. The manner in which the answer is 
given and the quality are the basis of the examiner's judgment of the 
extent to which the capacity being tested is present. In the second 
type, the manner in which the response shall be given is indicated in 
the directions for performing the test. Where tests are being given 
to a large group, comparability is important and supervision difficult, 
this type of response is usually the better. It 1s generally employed 
in connection with written tests. In addition, certain limits may be 
set on response. There are two kinds of limits—the time limit and 
the work limit. With the time limit, a definite time is set within which 
the test must be completed. The time is so set that even the most in- 
telligent cannot complete it. Unless this is done, it 1s not possible to 
test the limit of the particular capacity under investigation. Obviously, 
the time limit must be set by actual trial with subjects of known ca- 
pacity. With the work limit, an attempt 1s made to determine what 
is the most difficult material that the subject can handle. There is no 
time limit. The length of time required to complete the test and the 
quality of the response are a measure of the extent to which the par- 
ticular capacity is held. In this case, also, the test must be tried out 
on subjects of known capacity before they can be evaluated. 
Characteristics of the Tests. The popular idea of psychological tests 
is that they are devices to test the level of intelligence of the subject. 
Some of them are designed for this purpose. In many cases, they are 
merely designed to determine the extent to which certain psychological 
elements or capacities are present in the subject. Jn some cases, a high 
level of intelligence may even be undesirable. But some particular 
capacity, such as quickness of physical reaction to a stimulus, may be 
extremely important. Intelligence may be defined as the ability to profit 
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by previous experiences. The level of intelligence is the sum total of 
the large number of particular mental capacities which are present to 
some degree in all of us. Examples of these capacities are ability to as- 
sociate ideas, memory, reason, ingenuity, motor control, the various 
senses, and many others. The amount of knowledge which a person 
possesses 1s not necessarily an accurate measure of his intelligence, al- 
though the degree of his intelligence limits the amount of knowledge 
which he can acquire and the effectiveness with which he can use it. 

Tests used in the selection of employees can be divided into two 
classes—those which test capacity, or in other words innate ability, 
and those which test proficiency. ‘Trade tests which are used to test 
the extent of skill and knowledge are an example of the latter. Tests 
of capacity can be subdivided into those which test general capacity, or, 
as it is usually stated, general intelligence, and those which test specific 
capacities. 
The Selection of the Elements to Be Tested. The selection of the 
actual tests to be used depends on the nature of the job and which of 
the above classes of tests will give the best results. |The psycholo- 
gist usually analyzes the job from the standpoint of its psychological 
elements before attempting to design tests which will select the proper 
employees to fill it. He may decide that space perception, ability to 
distinguish between small-time elements or some other special capacity, 
or a combination of a number of special capacities, should be present 
in the applicant if he is to handle the job with the greatest possible 
success. On the other hand, he may decide that a certain level of 
general intelligence 1s necessary. 
The Selection of the Tests. When the important capacities have been 
determined, there is still another problem in the event that it is de- 
cided to use special ability tests. Shall the important conditions on the 
job, which affect the ability of the worker to perform his work prop- 
erly, be reproduced approximately, or, as the psychologist would state 
it, the total situation, or shall each special capacity be tested separately ? 
In the first case the applicant would be required to perform certain 
operations which would be similar psychologically to those which he 
would actually perform on the job. If the job were one requiring the 
visual inspection of small parts, the applicant might be required to 
sort out a number of similar small objects in a pan, working against 
a time limit. Inasmuch as the psychological elements involved in the 
sorting test and the actual job are about the same, the number sorted 
with the time limit and the number of errors made would give an 
objective measure of the extent to which the necessary capacities are 
present. 

On the other hand, it may be desirable to test the requisite capaci- 
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ties separately. The results of these tests are combined later into a 
final score. To illustrate this type of procedure, it may be assumed 
that a particular job requires highly developed capacities of motor con- 
trol and reaction time. Fig. 108 illustrates a simple test for motor 
control. The subject moves a pencil between the lines of the pattern, 
completing each step in time to the beat of a metronome. The number 
of times his pencil touches the lines gives a measure of the steadiness 
with which he controls the muscles used in moving his pencil. In order 
to get his reaction time, a light and key, electrically connected with a 
chronoscope, may be used. When the light is flashed by the observer, 
the subject presses the key. The difference between the time when the 
light is flashed and when the subject presses the key is recorded hy 
the chronoscope. This difference is a measure of the time required 
for the subject to react to the stimulus, 


FIG. 108 
A Test Motor ContTro.L 


The Arrangement and Application of the Tests. The arrangement 
and application of the tests is also important. In this connection, tests 
may be classified as either speed tests or power tests. In the speed 
tests, the subject works against a time limit. The operations to be 
performed are all of equal difficulty. In the power test, the operations 
increase in difficulty. In this case an attempt is made to determine 
what 1s the most difficult operation that the subject can perform. The 
length of time required and the quality of the result are a measure of 
this. The type of test giving the best results is a problem which the 
psychological analyst must solve. 

Correlation with Actual Results. For practical results, the tests 
must be so designed that they will give quantitative measures of the 
capacities which are being tested. They must be unequivocal and as 
simple as possible in order that they may be applied by the personnel 
office in the normal routine of employment. The values to be attached 
to the various tests must be determined by actual trial with employees 
of known ability, who are regularly engaged on the job for which the 
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test is designed. The results of these tests are correlated with such 
criteria as ratings by superiors, production figures, volume of personal 
sales, or similar data. The criterion, of course, should be the thing 
which it is desired to predict. For instance, if those who rank high 
in the tests also rank high in production, then the test probably can 
be used successfully to predict the productivity of applicants on the 
job in question. Three scores usually are determined, the maximum 
score, the average score, and the critical score. Particularly in connec- 
tion with tests for general intelligence, it may be desirable to know 
the maximum intelligence which can be employed on the job. In some 
jobs of a routine nature, those with too great intelligence cannot be 
retained for any great length of time. The maximum score indicates 
that those who make a greater score than this should not be employed 
for the job in question, for the above reasons. The average score is 
the average of the test scores. The critical score indicates that those 
who make less than this score in the tests should not be employed, for 
the reason that probably they will prove to be unsatisfactory for this 
type of work. This is the standard which is important and which 
should be upheld in the selection of applicants. 

Importance of Competent Counsel in the Development of Tests. 
Considerable space has been devoted to the consideration of the de- 
velopment and use of psychological tests in the selection of applicants, 
not because they are widely used at present, but because they are gen- 
erally misunderstood, and as a result their great possibilities are not 
realized. It is out of the question for the majority of concerns to 
employ a full-time psychologist. However, a great many of these 
concerns have certain jobs on which there is excessive turnover and 
for which psychological tests could be used profitably in the selection 
of applicants. In such cases, a consulting psychologist might be em- 
ployed to advantage. These tests usually cannot be developed by the 
average personnel executive because he lacks the proper psychological 
background and training. 

Trade Tests. ‘l'rade tests are intended to indicate the present ability 
of the applicant with regard to a given craft or job. They do not nec- 
essarily indicate his ability to acquire greater skill or knowledge of the 
vocation or his possible development for promotion. 

Inasmuch as the tests endeavor to determine a certain knowledge 
content, the items in the test all bear on the general subject of the 
occupation. 

Trade tests may he classified under four heads according to the 
manner in which they are given: 

1. Oral Tests in which certain questions relating to the occupation 
are put to the applicant. His answers are given orally. 
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2. Picture Tests in which certain conditions of work are illustrated 
by pictures. The applicant is expected to analyze and explain them. 

3. Written Tests in which questions relating to the occupation are 
put to the applicant in writing. The answers are returned in the same 
manner. 

4. Performance Tests. The applicant is asked to perform certain 
fundamental operations of the craft. The facility with which he per- 
forms them indicates the degree of his skill. 

As in the case of psychological tests, the trade tests should be 
checked against the performance of employees of known ability. On 
the basis of such checks, the applicants are graded according to their 
test scores as novice, apprentice, Journeyman, or expert. 
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CHAPTER XXIV 
PERSONNEL CONTROL—PROMOTION AND WAGES 


Promotion and the Worker’s Interests. The interest of the worker 
in his job is a powerful factor affecting both his productivity and his 
length of service with the company. The knowledge that promotion in 
pay, position, or privilege is based on ability, is a great stimulus to an 
active interest in the job and the company. 
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In a large concern, the distance in terms of organization, between 
the managing executives and the employees at the bench is great. Con- 
siderable unfairness to employees, which would not be condoned by 
these officials, can occur before they are aware of it. Too often the 
complaint is heard that it is necessary to be a friend or relative of the 
foreman or department head if one is to get promotion. Such condi- 
tions are hardly conducive to loyalty or interest in one’s job. For these 
reasons, many concerns have worked out definite promotion policies and 
logical lines of promotion. 

345 
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The Promotion Policy. The basis of the promotion program is the 
adoption of the policy of promotion from within, the introduction of 
comparable measures of ability such as tardiness and absence records, 
production or efficiency records, rating scales, intelligence ratings, 
length of service records, and similar bases, and the development of 
logical lines of promotion. *An air of mystery surrounding the 
processes of promotion is not desirable. ‘The basis and reason for pro- 
motion should be understood by all employees. In considering the de- 
velopment of promotion policies, it should be borne in mind that pro- 
motion may be of three kinds—promotion in pay, in position, or in 
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privilege. An instance of the latter is the privilege of choice of runs 
often granted, in the order of their seniority, to street railway motor- 
men and conductors. 

Promotion from within the Organization. The policy of promotion 
from within presupposes that when a vacancy occurs it will be filled 
from some lower, eligible position in the hierarchy of jobs; that in so 
far as such a thing is possible, there will be a step up all along the 
line of promotion. Nothing is more discouraging to the able employee, 
who has worked conscientiously, than to have an outsider brought in 
to the organization to fill a position for which the employee is eligible 
and qualified. The effect on the employee’s efficiency and morale is 
decidedly adverse. It is possible, however, that the policy of promotion 
from within can be applied to the point of diminishing returns. Un- 
less the employees keep abreast of developments in their respective fields, 
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the organization may suffer from dry rot, In such cases the injection 
of new blood and new ideas into the organization may have a stimu- 
lating and beneficial effect. 

Quite often one hears an industrial executive say that in his organ- 

ization, Jobs are filled by promotion from within on the basis of ability 
and fitness for the job. While usually-there is no question as to the 
sincerity of the statement, there may be some question as to its accu- 
racy. In many cases, investigation will show that the executive has 
only a hazy, general knowledge of the relation of various jobs to one 
another in so far as their promotion possibilities are concerned. While 
he may consider that he has sufficient knowledge of the personnel re- 
quirements of these jobs, it is not unusual that in this respect also 
his knowledge is anything but accurate. If in addition he has no 
complete records from which the ability and fitness of the different 
candidates for promotion can be determined adequately, it is inevitable 
that maladjustment and injustices will result. 
Working Out the Lines of Promotion. The information necessary 
to the working out of promotion relations can be obtained from the job 
analyses. After the analyst has made a comparison of the personnel 
elements in the various jobs, he lists tentatively for each job the differ- 
ent jobs which apparently have a promotion relation to it. For instance, 
in the case of the job of machine shop foreman which is assumed 
to be job No. 110, there might be some such relation as that indicated 
below: 


Promote to Job Promote from 
Job No. 112 

Asst. supt. of Foreman of Job No. 25 

machine shop machine shop Job No. 37 
Job No. 150 

Gencral foreman Job No. 51 

of machine shop Job No. 75 
Job No. 300 Job No. 86 

Inspection supervisor of Job No. 101 

machine shop Job No. 109 


It may be that promotion from job No. 25 leads to other jobs 
besides No. 110. They are not shown in the above analysis for the 
reason that it applies particularly to job No. 110. They would all be 
shown on a similar analysis for job No. 25. Some jobs may prove 
to be blind-alley jobs. They should be so indicated and the fact taken 
into consideration in the determination of starting pay. 

In some cases, the lines of promotion are shown graphically by 
means of promotion charts such as that shown in Fig. 111. Aside 


FPROWOTION CHART 


OD XO BS 
QOSOoO 


AIST 
Bur FR fA 
WOMEN a Torr 
703 
G —* s Ce (2) eo ee ee 
ave « f? 4s 
40, LMS 
‘ame 
fee 
- oss 


wee ae 





FIG. 111 
A Promotion CHuart 
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from the expense of making such charts, there is the objection that 
they are too rigid. Changes in the organization or the products may 
affect the promotion possibilities of different jobs. Jobs never are 
entirely static. Jor this reason, the promotion chart may become ob- 
solete in a relatively short length of time. It has the advantage, how- 
ever, that it gives a complete picture of the promotion situation in the 
plant as a whole. 

As stated previously, the promotion information regarding a job 

should be entered on its specification. 
Promotion in Pay. In addition to promotion in position, there should 
be the possibility of promotion in pay. Not only should the starting 
wage on a job be set with regard to the going rates of wages and the 
various personnel elements in the job, but also with regard to wage 
promotion possibilities in order that financial recognition of efficiency, 
length of service, or other desirable qualifications can be made. This 
problem is intimately connected with the problem of wage classification. 
The Determination of Wages. The fairness of the employee's wages 
affects his interest in his job quite as much as, if not more than, the 
opportunities for promotion in position. If the wage is insufficient, 
financial worries will cause dissatisfaction, which in turn may be re- 
flected in low morale, high labor turnover, and decreased production. 
lf the wages are not sect fairly as between employees or similar classes 
of work, again dissatisfaction may result. ‘The effect of fair wages 
on morale, turnover, cooperation, and productivity is so direct that 
many concerns have established the definite policy of paying somewhat 
higher than the going rates. They consider that this practice is justi- 
fied by the fact that they get more production of a better quality due 
to the fact they are able to attract and hold a better class of workmen, 
and can develop better cooperation and morale. 

Whether the employee is working on a day rate or under some 
system of wage payment in proportion to production, his total wages 
can be divided, theoretically, into two portions, that which corresponds 
more or less closely to the going rate of wages and that which is in the 
nature of a reward for more than ordinary service. In connection 
with wage classification, the analyst is concerned chiefly with the first 
portion which is usually termed the base wage. 

The going rate of wages for a given class of labor at any given 
time is the normal rate of compensation at that time for average pro- 
duction under the prevailing conditions of management, supervision, 
and shop practice, in the particular labor market. In the opinion of 
most economists, it is determined largely by the principle of the mar- 
ginal efficiency of labor. In other words, the productivity of the last 
worker who can be employed profitably determines the rate of com- 
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pensation for the particular class of labor. While this principle may 
determine base wages over a long period of time, at any given time 
they may be affected by many other economic forces. It presupposes 
that labor will quickly flow to those points where there is the greatest 
demand, best conditions, and the highest wages—a mobility which 
does not actually exist. Actually, base wages may be affected by such 
factors as union control of the labor supply resulting in restriction of 
output, restriction of apprentices, and superior bargaining power re- 
sulting from organization, the relations of the supply of and demand 
for labor, the state of enlightenment of management, the general out- 
look for business, and many others. 

As between different occupations, the base wages tend to be de- 
termined by the various wage differentials which affect these occupa- 
tions, such as skill, hazard, hours of work, seasonal fluctuations, perma- 
nence of employment, location of the work, and others. The die-sinker 
gets a high rate because his work requires certain rare capacities and 
great skill, gained only after a long apprenticeship and considerable 
experience. However, wage differentials are a force which affect 
wages slowly over a considerable period of time. As in the previous 
case, other factors may enter the situation which at the moment are 
more powerful. 

Wage Classification. Wage classification has to do with the deter- 
mination of the relations of these differentials in various jobs and the 
setting of base rates which will be fair with regard to them. It is not 
unusual to find that the same job has widely differing base rates in 
different departments of the same plant. furthermore, it may be 
discovered that the rates paid for a particular job vary unjustifiably 
within the same department. One employee in a given department 
may receive a rate that is considerably above the average on the job, 
for the reason that he is not only a good workman, but a good bar- 
gainer with the foreman. Similarly, another employee who may be 
equally good may receive considerably less, largely for the reason that 
he has not the same strong personality. Reasonable variations in wage 
rates on the same job are to be expected, due to differences in ability, 
length of service, or for other reasons. Jlowever, unless such varia- 
tions are controlled, they may be a cause of great dissatisfaction and 
loss to the company. In connection with wage classification, the differ- 
ent jobs in the plant should be analyzed to determine the relations of 
their differentials. Having determined these relations, hiring rates, 
which in most plants are the base rates, should be established for each 
job. Finally, the normal range of wages which can be paid on each job 
should be determined. This range should be sufficient to permit rea- 
sonable wage promotion, Requests for increases in rates should have 
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the approval of the employment manager in order to prevent individual 
rates from getting out of the normal range unless there is proper jus- 
tification. 

It is recognized that base rates in the plant must be adjusted from 

time to time to accord with changing business and labor conditions. 
Tfowever, such changes should be made with regard for the differ- 
ential relations of jobs, as far as possible. While it is not absolutely 
necessary, it is evident that a wage classification can best be made 
after a job analysis and job classification have been worked out. 
Wage Payment in Proportion to Production. As previously stated, 
under any system of wage payment, a portion of the pay of the better 
employees may be considered to be a reward for more than ordinary 
productivity. ven in plants which use the day-rate system and which 
operate under conventional management, it is not unusual to find that 
the more skilled and more productive workers are paid considerably 
above the going rate of wages for the particular class of labor. While 
a part of this increased pay may be accounted for by length of service 
or other considerations, a part of it is clearly a reward for better than 
ordinary performance. A great many concerns have what are com- 
monly termed wage-incentive plans. 

A wage-incentive plan is one in which the additional remuneration 
offered for more than ordinary accomplishment is directly related to 
the extent of that accomplishment. This definition excludes such in- 
direct incentives as Christmas bonuses, profit shares, and rewards of 
a similar nature. Sometimes wagc-incentive plans are intended to de- 
velop or maintain a high standard of quality. More often they are 
intended to stimulate production. 

Considerations Affecting the Offering of Wage Incentives. In the 
development of wage-incentive plans there are certain considerations 
which are most important. Jn the first place, such plans should be 
based on production standards which have been determined by ana- 
lytical methods, such as time study. In most cases, production stand- 
ards and piece rates determined by the estimate of the shop foreman 
or from past production records are not trustworthy. Regardless of 
how much experience he has had, no foreman can mentally evaluate 
the various elementary operations which enter into a job, make al- 
lowances for fatigue, personal needs, and other factors, and accurately 
estimate the time required per piece to perform the operation. Fur- 
thermore, under ordinary conditions of supervision, the production of 
the average worker is considerably less than the production of which he 
is capable, provided proper working conditions and reasonable wage 
incentives are supplied. Piece rates set from past production records 
are little better than estimates, for the reason that they include inaccu- 
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racies and lost time, such as delays duc to machine break-downs, which 
have no relation to the worker's natural ability to produce. Tor these 
reasons, such production standards or piece rates are often exceeded by 
a considerable margin. The unusual earnings of the workers are 
likely to excite the cupidity of the management, which promptly cuts 
the piece rate. Often the workers speed up to a higher rate of produc- 
tion in order to maintain the high wages which they have been enjoy- 
ing. The piece rates may be cut again as individual earnings approach 
their former levels. After cuts of this kind have been made a few 
times, the workers realize that if they turn in earnings above a certain 
amount there is danger that their rates will be cut. Consequently as 
their earnings approach this figure, their production may be expected 
to slacken to avoid “killing the job.” The practice of rate-cutting 
tends to limit individual production, although greater production may 
be obtained than under the straight day-rate svstem. ‘The manage- 
ment merely pays a somewhat higher wage for somewhat greater pro- 
duction. It is not getting the most out of its men or machines. Con- 
sequently, its unit costs are not the attainable minimum. 

It is sometimes charged that the practice of rate-cutting speeds up 
the worker to the point where he may be injured physically and men- 
tally, due to cumulative fatigue. Undoubtedly this may be true where 
conditions such as described above exist. Such practices, of course, 
are opposed to the spirit and principles of scientific management. How- 
ever, it does not take the employees long to discover what are the 
maximum earnings which can be made in a day without subjecting 
the job to rate-cutting. When rates are made for new jobs, these 
earnings in general will not be exceeded. 

As a result of experiences with wage-payment systems, production 
standards in the better managed plants not only are determined by 
time study, but often are guaranteed against change, except in the event 
that there is some material change in equipment, methods or product, 
which change the character of the operation distinctly. With a guar- 
anty of this kind and the confidence of the workers, it can reasonably be 
expected that they will give the maximum production which can be 
maintained continuously without injury to themselves. It should he 
obvious that the guaranties should be made in good faith. Tlowever, 
concerns sometimes make trivial changes in an operation if the operator 
consistently makes unusually high earnings, and then use this change as 
a pretext for retime-studying the job. This practice is merely rate- 
cutting under a different name, and if indulged in sufficiently will have 
the same results. The time-study department should be responsible for 
the correctness of the production standards which are given to the shop. 
If a mistake is made, it is the management's mistake, not the men’s. As 
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a matter of fact, the actual loss to the company from an incorrect pro- 
duction standard usually will not be great. The decreased unit overhead 
charge resulting from increased production partially if not entirely off- 
sets any wage loss resulting from the error. In addition, the company 
has strengthened the employee’s faith in its fairness, which may be 
worth more than any saving which might result from readjusting the 
production standard. 

In addition, some concerns guarantee the base-rate earnings of 
their employees. Jf for some reason beyond his control the cm- 
ployee fails to make earnings under the incentive system which are 
equal to his day-rate earnings at his base-rate, he receives his base 
wages. This is done to protect the employee against loss of earnings 
due to interruptions to production for which he is in no way responsible. 
Of course, if the production standard is too high or the amount of 
the incentive or bonus is too small, there is the danger that the em- 
ployee will tend to sag back on his guaranteed base rate. 

Due to fluctuations in business, there will be times when it will be 
necessary to make adjustments in wages. During periods of great 
business prosperity, when prices and the cost of living are mounting 
rapidly, and there is keen competition for the available supply of labor, 
it may be necessary to make such adjustments frequently. Obviously, 
no difficulty 1s encountered when these adjustments are upward. How- 
ever, when it is necessary to reduce wages, considerable dissatis- 
faction may be caused, and in some instances active opposition. It is 
desirable to avoid the appearance of rate-cutting, if possible, because 
of the disfavor which may he reflected on the whole incentive sys- 
tem. lor this reason it is better to express the production standard 
in terms of time units rather than in terms of monetary units. Time 
units have a constant value, while monetary units fluctuate with the 
purchasing power of the dollar. The distinction between the base rate 
and the production standard will be more clear in the mind of the 
employee if his job instructions include some statement such as, ‘““The 
production standard for this job is 18 pieces per hour. The base 
rate is $0.45 per hour. The piece rate, therefore, is $0.025 per picce. 
The production standard is guaranteed against change, except in case 
of a change in the product or the process which materially changes 
the operation. The hase rate is guaranteed except in case of changes 
in business conditions which necessitate a general adjustment of 
wages.” 

Another reason for stating the production standard in terms of 
time and one which is equally important is that by so doing emphasis 
is placed on the time element in production. Inasmuch as the man- 
agement is primarily interested in the reduction of production time per 
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piece, any statement of the production standard which tends to direct 
the attention of the employee to the reduction of this time is desirable. 
A number of wage-incentive plans have been worked out on this 
principle. 

A practice which has been adopted by some concerns, and which 
has a rather close relation to the above considerations, 1s the separation 
of the employee’s incentive wages from his base wages. If the total 
wages of the employee are lumped together in the same pay envelope, 
there is some danger that the value of his incentive wages, as a stimulus 
to increased production, may tend to diminish gradually. The employee 
may tend to consider his incentive wages as part of his regular pay. 
Whether it will have this effect depends to a large extent on the nature 
of the wage-incentive plan. To avoid the possibility of this, some con- 
cerns have gone to the extent of paying the employee’s wages in two 
separate envelopes, one of which contains his regular wages, while 
the other contains his incentive wages. This practice involves extra 
work in making up and handling pay. To eliminate this extra expense 
and get the same effect, other concerns have printed a form on the 
face of the pay envelope on which is entered separately the amount of 
the base wages and the amount of the incentive wages. For instance, 
if the employee were working on some bonus plan, the face of his 
envelope might carry information similar to the following: 


Employee's Name... ¢c-nnite soe ede areas eee aye bauer’ 
Dmiployce sn Wet sien chess ue See ide eee eaaae neato 
BASE Wares fs tah oboe t eres dae eee! nec l ethers ohneeane 
BONUS WAGES 63 das ssn nuu sank ea ee admnnidata tess 
LOlAl WASeSic eo ears Arh eaa oes eee eae hedelneteenseas 


While the employee's base wages will remain relatively constant, his 
bonus wages will fluctuate with his production. It is this part of his 
wages that he is able to affect through his own efforts. The emphasis 
which this distinction places on the incentive wages, in itself acts as a 
stimulus to production. 

Another consideration in the introduction of an incentive plan is 
its effect on the quality of the product. The natural effect of a wage 
incentive is to stimulate the quantity produced per employee. Inasmuch 
as the employee is interested primarily in producing the maximum 
quantity per unit of time in order that he may enjoy maximum earn- 
ings, there is a natural tendency to slight quality. Therefore the wage- 
incentive plan should be tied up with the control of quality through 
adequate inspection. A common practice is to penalize the employee 
in some manner for work of an inferior quality, provided he is respon- 
sible for it. This may be accomplished by requiring that the employee 
must reprocess poor work on his own time, by specifying that he shall 
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lose his bonus if the amount of scrap produced is above a given per- 
centage, by recording his scrap percentage on his history card as a 
factor to be considered in making wage increases, lay-offs, etc., or by 
other means. ‘The effect of a wage incentive on quality may not be 
so great as is usually supposed. Where the payment of the incentive 
is based on standards which have been determined by time and motion 
study and the employee has received proper training in the best method 
of performing the operation, the result may be that actually there will 
be an increase in the quality of the product rather than a decrease. 
In selecting a wage-payment plan, the question of simplicity also 
must be considered. There are some plans for wage payment in pro- 
portion to production which are so complicated that it is difficult for 
the employee to determine what are his bonus earnings. If he cannot 
understand the basis on which his bonus is determined, there is likely 
to be dissatisfaction and a feeling that he has been unfairly treated 
when it happens that his bonus earnings are not so great as he expected 
them to be. This feeling of dissatisfaction may lead to open opposi- 
tion to the plan. Furthermore, the incentive value of the plan is greater 
if the employee is able to check his earnings during the day, and the 
extent to which he is approaching the standard of production. 
Following are bricf statements of some of the more important 
Wwage-payment methods. 
The Day-Wage Method. The day-wage method is probably the oldest 
form of wage payment. In many industries and for many types of 
work, it is the most common form. Under this system the employee 
is paid a certain rate per hour for each hour during which he is at 
work in the shop. There is no direct connection between the rate of 
production on any given job and the pay which he receives, although, 
as stated previously, there may be some indirect connection, inasmuch 
as the better workmen usually have a higher rate of pay. The em- 
ployee is expected to produce a normal amount of work of the desired 
quality in return for this hourly rate. What constitutes a normal 
amount of work depends largely on the ideas and experience of the 
foreman, local conditions, the class of work which is being produced, 
shop conditions, and the excellence of the supervision. <A part of the 
foreman's job is to see that the men under him work steadily and 
accomplish what the management believes to be a fair day’s work. Ob- 
viously, the system depends on past experience, good supervision, and 
drive. The straight hourly rate gives an incentive to the man who 
is not very ambitious to do the least amount of work which will permit 
him to escape the censure of his foreman. 
The Piecework System. One of the oldest methods of wage payment 
in proportion to production is the straight piecework system. Under 
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this system the employee is paid for his production at a given rate per 
piece. The hourly production which the employee should attain 1s de- 
termined from past production records, the estimates of the foreman 
or some other competent person, or by a combination of both methods, 
Usually the employee is paid only for the amount of work which he 
produces. If delays in production occur which are the fault of the 
management, it is the misfortune of the employee. As previously 
stated, the inaccurate method of setting the rate paid per piece often 
leads to rate-cutting and attendant evils. While the incentive value 
of straight piecework is greater than that of daywork, it is not so 
vreat as that of some other forms of wage payment in proportion to 
production, because of the limiting effect of the fear of rate-cutting 
and the fact that there is no definite goal toward which the employee 
is working. If he turns out 485 pieces per weck rather than the stand- 
ard of 500 pieces, the effect on his pay envelope at the end of the 
week is relatively slight. If it happens that he does not feel particu- 
larly like working on a given day, this difference in pay, in many cases, 
is not sufficient to sustain his production. 

Guaranteed Piecework. Modern installations of piecework differ 
from the above in that the piece rate usually is based on production 
standards determined accurately by means of time and motion study. 
l‘urthermore, the employee’s base-rate earnings usually are guaranteed 
against loss due to interruptions to production. In most cases, the 
production standards are guaranteed under the conditions previously 
discussed. 

The Taylor Differential Piece Rate. While at the Midvale Steel 
Company, Dr. Taylor developed a method of wage payment in pro- 
portion to production known as the differential piece-rate system. 
Under this system, the production standards are determined by time 
and motion study. On the basis of the standard, two rates are deter- 
mined for each job. The high piece rate is allowed to those who pro- 
duce at a rate equal to or greater than the standard rate of production. 
It is so set that the employee is given a considerable incentive to make 
the standard. The amount of this incentive will vary with the class 
of work. For ordinary light machine-shop work, the rate would be 
such that the employce could earn about 30 per cent more than ordinary 
day wages. If the employee fails to produce at the standard rate, he is 
paid for his work at the low rate, which is so set that the employee can 
earn slightly more than ordinary day wages. As a result, the employee 
is penalized severely for his failure to make the standard rate of pro- 
duction. Because of this, the differential piece-rate method has a high 
incentive value. With training and sustained effort the average work- 
man can attain the standard regularly without injury to himself. While 
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the plan has a high incentive value, it usually is difficult to introduce, 
for the reason that it may take some time to train the average employee 
to reach the standard of production. During this time he may become 
discouraged and quit. 

Time Work with Production Standards. Some concerns prefer not 
to offer a direct financial incentive for better than normal production. 
Usually, they are impressed with the fear that a direct financial incen- 
tive may result in the deterioration of the quality of the product. In 
a few cases, they have adopted the method of timework with production 
standards as a substitute. 

Under this method the production standards are set by time and 
motion study, although in some plants they are merely estimated. The 
time required to complete a job is recorded. By comparison with the 
standard for the job, the workman’s productive efficiency for that job 
is determined. At the end of a given period, usually one month, the 
average efficiency of each workman is determined for the period. In 
each shop the efficiency record of the men in that shop is posted, the 
names being arranged in the order of their efficiency ratings. 

Often the men are graded according to their efficiency. For in- 
stance, those having an average efficiency of 90 per cent or better are 
considered “A” workmen; those having an average efficiency of 
80-89 per cent, “B” men; those having an average efficiency of 70-79 
per cent, “C’ men, etc. Wage rates also may be graded according 
to the same classification. The “A” men may get a rate of 70 cents 
per hour; the ““B’’ men, 65 cents per hour; the “C” men, 60 cents per 
hour. An “A” man must maintain an average efficiency of 90 per 
cent or better in order to remain in the “A” class. To illustrate, if he 
maintains an average efficiency of 90 per cent or better during the 
present month, he will be paid at the rate of 70 cents per hour during 
the next month. JlIowever, if next month his average efficiency has 
fallen below 90 per cent, say to 86 per cent, during the following 
month, his rate automatically drops back to the “LB” rate of 65 cents 
per hour. 

In addition, the men may be given to understand that in times of 
slack business they will be laid off in the inverse order of their ef- 
ficiency ratings—the “C” men first, the “B’’ men next, and the “A” 
men last. Furthermore, the efficiency ratings should be an important 
factor in the determination of whom shall be promoted in position. 

Obviously the incentive value of this plan is not so high as in other 
plans in which there is a more immediate reward for productive effort. 
Furthermore, the somewhat less tangible character of the incentive 
tends to depreciate its effectiveness in stimulating and maintaining pro- 
duction. Its incentive value lies in the hope of getting or holding a day 
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rate considerably above the going rate of wages for the particular 
class of work, the fear of discharge, and the hope of advancement. 
The Halsey Premium Plan. In 1891, Mr. F. A. Halsey presented to 
the American Society of Mechanical Engineers a plan for wage pay- 
ment in proportion to production which has become known as the Hal- 
sey premium plan. An allowed time is determined for every job. In 
the original plan this time was determined from past production records 
or the estimate of some competent person. As a reward for increased 
production, the workman received a premium which consisted of a cer- 
tain percentage of any saving of the allowed time which he could 
make. The usual reward was 50 per cent of any time saved, valued at 
his hourly rate. 

The standard tended to be a drifting standard. The production 
standards tended to become more exacting as those responsible for set- 
ting them became more familiar with what the men could do under the 
urge of an incentive, and with the approximate amount of inefficiency 
included in past production records. In modern installations of this 
plan, the production standard is determined by means of time and mo- 
tion study. The allowed time is the standard time plus a suitable al- 
lowance as an incentive. 

The incentive value of the Halsey plan is good inasmuch as there 
is a definite standard against which the man works. It is not so great 
as that of the Taylor differential piece rate for the reason that the 
employee’s reward is not dependent on maintaining the standard rate 
of production, but merely on bettering the allowed time. If he com- 
pletes the job in only slightly less than the allowed time he gets some 
reward. For this reason, it is an easier plan to introduce. Further- 
more, the idea of a fifty-fifty division of any savings of the allowed 
time usually appeals to the workman as being fair. Finally, the plan 
is readily understood by the average workman, and he can easily com- 
pute the amount of premium that he has earned, at the completion 
of the job. 

The Rowan Premium Plan. A Scotch manufacturer, James Rowan, 
devised a plan which tends to prevent the workman from “running 
away with the rate.” The plan is a variant of the Halsey plan. The 
premium allowed is the ratio of the time saved to the time allowed 
multiplied into the time actually taken, valued at the workman’s hourly 
rate. The plan tends to limit the possible earnings to twice the man’s 
daily wage at his hourly rate. The practical significance of this is that 
if an error in determining the allowed time has been made in favor 
of the workman, it is less probable that he will make earnings which 
are out of all proportion to the savings effected. The plan is somewhat 
more complex than the Halsey plan and therefore is less easily under- 
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stood. ‘Furthermore, it may cause some dissatisfaction among the 
employees unless the allowed time is based on a standard time which 
has been accurately determined by time study, for the reason that the 
workman's share of the savings decreases as his rate of production 
increases. 

The Gantt Task and Bonus Plan. This plan was devised by H. L. 
Gantt, an early associate of Taylor’s in the development of scientific 
management. In this plan, a definite premium is allowed for the com- 
pletion of the job in the standard time. 

In its original form, a standard time for a job was determined by 
time study. If a workman completed the job in the standard time, 
he received, in addition to his actual time, a bonus which was a def- 
inite percentage of the standard time. To illustrate, if the standard 
time were 10 hours and the percentage were 25 per cent, the workman 
would be paid for 12% hours at his hourly rate, provided that he com- 
pleted the job in 10 hours. There was an incentive to complete the job 
in less than the standard time, as the less the time that was taken, the 
greater the number of jobs that could be completed in the course of 
the day, and therefore the greater the number of bonuses that could 
be earned. In the plan’s present form, the workman is paid the bonus 
plus the standard time, valued at his hourly rate, if he completes the 
job within the standard time. In effect, he 1s paid a high piece rate. 

The Gantt task-and-bonus plan has a high incentive value, due to 
the fact that the employee receives a generous bonus if he completes 
the task within the standard time and receives only his day wage if he 
fails to do so. In addition, the plan has the advantages that it is 
easily understood by the workmen, and it avoids low wages, due to 
failure to meet the production standard, by guaranteeing the base 
wages, 

It may be difficult to install, for the reason that the production 
standard usually is high. In order to attain it, the average employee 
must apply himself diligently and must receive instruction in the best 
method of performing the operation as determined by time study. For 
the average employee, this probably means a period of discouragement, 
until he gets the knack of the new method and is able to meet the 
production standard regularly. 

The Emerson Efficiency Plan. The plan was designed by Harrington 
IKmerson. It is intended to lead the employee easily toward greater 
productivity. The standard time for each job is determined by time 
study. For any job, the workman’s efficiency is indicated by the ratio 
of the standard time for the job to the time actually taken. TTowever, 
the man's bonus earnings are not computed for each job, but are de- 
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termined by his average efficiency during the pay period. If the period 
is one week, then the total of the standard times for the bonus jobs 
completed during the week, divided by the total time actually taken, 
will give the efficiency of the workman for the week. Up to 66 per 
cent efficiency, the man receives straight day wages. At 67 per cent 
efficiency, he receives a small bonus. This bonus increases as the 
man’s efficiency increases, until at 100 per cent efficiency, he receives a 
bonus which is usually 20 or 25 per cent of the standard time, valued 
at his hourly rate. Beyond this point the bonus increases with increased 
efficiency at the same rate. The manner in which the per cent of bonus 
increases between 66 per cent and 100 per cent efficiency is a matter 
of arbitrary determination. 

The plan makes it possible for almost every employee to earn some 
bonus almost as soon as the plan is introduced. For this reason the 
resistance of the employees to the plan is reduced to a minimum and 
its ease of installation increased accordingly. While it is easier to 
install, the incentive value of the plan is less than that of either the 
Gantt or the Taylor plan. The reward is based on average performance 
over a period of time. The employee is not sharply penalized for fail- 
ure to complete a specific job within the standard time. The probable 
greater ease of installation may make it difficult for the average work- 
man to tell just where he stands with regard to his bonus earnings at 
any time during the pay period, even when bonus tables are used to 
avoid the computation of percentages. 

Other advantages claimed for the plan are that it can be applied to 
gangs in which the men work at different rates, and that it can be 
applied in shops where only part of the work is on bonus, the rest 
being on a straight day rate. 

The Parkhurst Differential Bonus Plan. In many respects this plan 
is merely a variant of the Emerson efficiency plan. The increase in 
bonus which the workman receives is approximately related to his in- 
crease in efficiency. Although it has not been the case in all installa- 
tions, bonus payments usually begin at about 60 per cent efficiency. At 
this point, the worker receives a small bonus which amounts to about 
7 or & per cent of his day wages. The amount of bonus re- 
ceived does not increase in a smooth curve to full bonus at 100 per 
cent efficiency, but rather in a series of steps which approximates such 
a curve. For ordinary shop work, the bonus at 100 per cent efficiency 
is about 33 per cent of the man’s time at his day rate. The points 
in the scale of efficiency at which the bonus increases may not always 
occur at even intervals. Furthermore, the increases in bonus may not 
be uniform. To facilitate the computation of his daily earnings, the 
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relation of efficiency to bonus and earnings often is expressed in the 
form of a bonus chart. For a given job for which the standard time 
is ten hours, the chart shown below might be used. 


Time actually Bonus time 
taken—hours allowed—hours 
AW. . .2octecceuuwGiaeied tek aren nee 3.33 
PO U0S10. 5: iced aedee en Gini ak «ee es 2.87 
bo) Salo: heicae Sokatiet oe eos Beas ees 2.59 
Mh AHS ec eed dnd cena rem a aon. caw s 2.29 
1) «© Ais a dae es ee 1.94 
D2 O18 soe bccn eee aee eee base wae s 1.55 
DO Re oad hls Gage Bic gate he eracecs lated 1.11 
a a se Se ee eC En Oe? .60 
14 eh shia barges eee eae Day rate 


Above 100 per cent efficiency, the workman receives the same 
amount of bonus that he receives for 100 per cent efficiency plus the 
value of the standard time. In other words, what he really gets is a 
high piece rate. 

Tike the Emerson plan, the Parkhurst differential bonus plan has 
the advantage that it is relatively easy to install for the reason that 
the men begin to earn some bonus at a relatively low point of efficiency. 
Although it is more complex than some of the other plans, the use of 
bonus charts makes it fairly easy for the workman to compute his 
earnings. The incentive value of the plan is better than that of the 
KXmerson plan for the reason that the amount of bonus 1s related di- 
rectly to the particular job. Jiowever, the bonus steps are a disadvan- 
tage in that it requires a considerable increase in efficiency to progress 
from one step to the next. While this may be relatively easy at first, 
it becomes quite difficult as the workman approaches 100 per cent ef- 
ficiency. Therefore, there is danger that less ambitious workmen may 
rise to a fairly satisfactory level of efficiency and then rest on that 
particular step. 

The Bedaux Premium Point System. In this plan each job has an 
allowed time which is based on a standard time for the job, determined 
by time study. Each minute of allowed time is called a point. The 
standard number of points in an eight-hour day, of course, would be 
480 points. The number of points allowed for a particular job is 
shown on the employee’s work ticket. In order to know how much 
bonus he has earned in the course of the day, the workman has only 
to total the number of points allowed on the jobs which he has com- 
pleted during the day, deduct the standard number of points from the 
total, and multiply the result by the value of his point. If at the end 
of the day he has completed all of the work assigned to him and the 
total of the allowed points is 540, then he has earned a premium of 
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60 points. Jf his hourly rate is 60 cents per hour, the value of his 
point is 1 cent. Therefore his premium is 60 cents. 

When the employee reccives the full value of the allowed points, 
the plan is really a special application of the principle of the Halsey 
premium plan in which the employee receives 100 per cent of any saving 
of the allowed time. In some cases, a certain percentage of the pre- 
mium points is deducted as a bonus for the foreman. 

Its advantages seem to be that it is readily understood by the men 

and they are able to compute their earnings easily. In connection with 
costs and payroll, probably it involves less office work than many 
other incentive plans. Under the plan, it is relatively easy to compare 
the operating efficiency of various shops. The fact that the workman 
receives any saving of the allowed time which he is able to make 
undoubtedly makes the plan relatively easy to install. Its incentive 
value is not as high as that of the Taylor or Gantt plan. 
Other Wage Incentive Plans. In addition to the plans which have 
been noted, there are many other plans which apply the principles of 
wage payment in proportion to production, such as the Haynes “manit” 
plan, the Baum gain-sharing plan, the Barth premium plan, the Diemer 
bonus and premium plan, and numerous others. Many of them are 
of considerable value under certain conditions. Often they fail to 
meet the requirements of a good incentive plan, particularly with re- 
spect to the requirement that they have sufficient simplicity to permit 
the employee to understand them readily, and to compute his earnings 
easily. 

An interesting plan which represents an attempt to attain a greater 
measure of justice in the adjustment and determination of wages, but 
which fails to meet the requirement of simplicity, is the plan which 
was developed by Mr. George Babcock at the HI. IT. Franklin Manu- 
facturing Company.’ In this plan not only is productivity taken into 
account, but such factors as the cost of living, the number of operations 
which the employee can perform, and numerous others. 

Extra Incentive Plans. In addition to plans for wage payment in 
proportion to production there are many plans in operation in indus- 
try which indirectly offer incentives to the employee for increased pro- 
duction. In many cases, these incentives can be considered as extra 
wages in return for some extra service. In some instances they may 
represent an effort of the employer to meet what he considers to be 
the social responsibility of industry to its employees. Some plans are 
intended to increase the average length of the service of the employees. 
Others are intended to improve the morale of the organization by 
creating a feeling of greater security against the vicissitudes of old 


1 Taylor System in Franklin Management, by George Babcock. 
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age. In other instances still other motives may cause the development 
of such plans. In almost all cases, one of the primary reasons for 
their introduction is the desire to gain increased production by devel- 
oping a stable, loyal organization, possessing a high morale. 

The personnel director who fails to develop such an organization 
has failed in one of his principle functions. The personnel department 
is a service department for production. Maximum production cannot 
be obtained from the working force unless it is convinced that the 
management intends to deal fairly by it; unless labor turnover is suf- 
ficiently low so that the company can enjoy the highest possible level 
of skill and efficiency in the organization; unless the workers have 
that fecling of security and confidence which is necessary to high 
morale, and in turn to maximum production. 

Examples of plans of thise nature are pension plans, length-of- 
service plans, attendance bonus plans, thrift plans, plans for the sale 
of stock to employees, vacation plans, and profit-sharing plans. Be- 
cause such plans directly affect the development of better relations 
between the management and the working force, they are usually ad- 
ministered by the service section of the personnel department. 
Pension Plans. The pension plan performs two functions—it recog- 
nizes faithful service and provides a certain measure of security 
against old age. 

The employee’s eligibility for a pension usually depends on two 
factors—his length of continuous service with the company and his 
age. In most concerns the employee must have served the company 
continuously for a period ranging from twenty to twenty-five years 
before he is eligible for a pension. Usually he cannot be retired before 
the age of sixty or sixty-five, except in unusual cases. In such instances 
retirement may take place at an earlier age, at the discretion of the 
board of directors or some high operating authority. 

The operation of the plan rests with the management. While the 
managenient is primarily interested in promoting length of service, this 
is not always the sole motive. In a great many instances the manage- 
ment feels that the industry has a certain responsibility of caring for 
those who have given their working life to it. 

The operation of a pension plan eventually may involve the annual 
expenditure of large sums of money. The determination of the pen- 
sion risk involved, the amount of reserve to be set up, and similar ques- 
tions require a technical knowledge of insurance principles which the 
average individual does not possess. Asa result, it is unwise to attempt 
the introduction of a pension plan without competent actuarial as- 


sistance. 
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Group Insurance. Group insurance is intended to provide funds at 
the death of the wage-earner which will assist in holding the family 
unit together until it has adjusted itself to its changed economic con- 
dition. While the amount of the insurance received in any particular 
case is not sufficient to continue the wage-carner’s income, it usually 
aids materially in defraying funeral expenses and may save surviving 
dependents from actual want, pending their adjustment to their changed 
conditions of life. The benefit to the employer comes from the greater 
peace of mind, stability and morale of the worker, which may be 
reflected to some extent in increased production, but probably to a 
greater extent in lower labor turnover. 

The amount of insurance which the employee may receive usually 
depends on such factors as his length of service with the company and 
the amount of wages or salary which he receives. In the first case, the 
amount of the employee's policy may increase by a given increment for 
each year of service with the company, from some base policy value to 
some Maximum policy value. To illustrate, at the end of his first six 
months’ service with the company the employee might be entitled to a 
group policy for $300; at the end of his first year, a group policy for 
$600. Thereafter, the value of his policy might increase at the rate of 
$300 per year until it reached the maximum value of $3,000 at the end 
of the ninth year. In this manner the policy not only gives some meas- 
ure of protection to the worker’s family, but in addition it offers an 
inducement for continued service with the company. In the second 
case, the amount of the policy may not increase with length of service, 
but may depend on the man’s wage or salary. As his salary increases, 
the amount of insurance to which he is entitled increases also. Under 
this plan there 1s an inducement for the key men to stay with the or- 
ganization, which increases as they become more valuable to the com- 
pany. 

Usually the company pays a per capita premium for every man on 
the payroll. In most cases the employee does not bear any part of 
this expense. 

Length-of-service Plans. This type of plan is one which is intended 
to promote, directly, increased length of service. Jn most cases the 
employee receives, as a bonus for length of service, a certain percentage 
of his base wages, which increases with length of service. The max- 
imum bonus percentage varies between companies from 5 per cent to 
10 per cent of the employee’s wages. The minimum percentage varies 
from 1 per cent to 5 per cent. The length of continuous service nec- 
essary to earn the maximum bonus varies from two to ten years. The 
shorter periods probably are adopted on the assumption that the crit- 
ical period in the employment of the average employee is within the 
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first two years of service. Jf he can be retained beyond that period, 
the danger of voluntary separation has decreased greatly, and with it 
the need for an increased bonus to promote length of service. In most 
cases the employee must have a certain minimum length of service 
before he is eligible to participate in the plan. Usually this minimum 
‘length of service is the only condition of eligibility. 

Most length-of-service plans provide that bonus payments shall be 
made at the end of the year. Forfeiture of his right to a bonus may 
occur 1f the employee is absent or tardy more than a given number 
of times or if the employee quits the company. When reemployed 
following a voluntary separation, the employee is treated as a new 
employee in so far as his length of service is concerned. 

The Attendance Bonus. The attendance bonus, as its name indicates, 
is intended to foster regularity of attendance. Its justification is the 
fact that production and its control are greatly facilitated if the em- 
ployee is at his machine regularly. The company pays to its employees 
a bonus which is a certain per cent of their base wages, exclusive of 
overtime, provided they have worked the full number of hours for the 
pay period less any permitted allowance. The bonus is usually paid 
at the end of the pay period. It is not unreasonably deferred and is 
considered effective by many executives. 

Other Plans. In addition to the plans which have been noted, there are 
many other types of plans for the payment of extra incentives. Some 
of these are designed to promote thrift by aiding the employee to 
accumulate savings by the deposit of a certain amount of his salary 
with the company at a very favorable rate of interest or by the invest- 
ment in the stock of the company under favorable terms. In other 
cases they are intended to reward certain classes of employees for better 
than ordinary service, as in the case of the foreman’s bonus. 

While specific plans may be designed to produce certain desirable 
results, one of the primary motives for the introduction of extra-in- 
centive plans is to give the employees some tangible evidence of the 
management’s good will toward and interest in its employees, in the 
hope that by so doing they will be more loyal to the management and 
more inclined to cooperate with it for the best interests of all con- 
cerned. 
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The Nature of Service Work. An interesting phase of personnel 
management is that which is called service work, welfare work, or by 
names having a similar meaning. It has to do principally with those 
activities which tend to improve the relations between the management 
and the operatives, the morale of the employees and indirectly their 
stability and production as a result therefrom. Accordingly, service 
management may be defined as that phase of personnel management 
which deals primarily with the problems involved in improving the 
relations between the management and the men, and the morale of 
the personnel. Within this general field come many activities, some 
of which have been treated in previous chapters, such as group insur- 
ance, pension plans, etc. In some instances, promotion may be a func- 
tion of the service section. In addition, there are many others, such 
as the plant restaurant, recreation, athletics, the development of chan- 
nels of communication between the management and the employees, and 
the handling of grievances. 

If the employee feels that he is being treated unfairly by the man- 
agenient, if he is not at home in the shop and is not interested in its 
life, if he is troubled by financial difficulties, it 1s not likely that he 
will be a satisfied, permanent employee, or that he will produce the 
maximum of which he is capable. There is an economic justification 
for service work which is rather intangible, which cannot be stated 
easily in terms of money, but which is none the less real. Most em- 
ployers have no desire to be engaged in continual strife with their 
employees. It 1s more pleasant and more satisfactory to know that 
your employees feel well disposed toward you and believe that you are 
dealing fairly with them. This desire for the good will of their em- 
ployees is another important reason which has influenced many em- 
ployers to introduce service work. Furthermore, the gradual enlight- 
enment of the employer regarding his social responsibilities in the 
conduct of his enterprises is a factor. Usually, when he is convinced 
that such a responsibility exists, the average employer is ready to 
bear his reasonable share of it. 

The Service Organization. In the personnel organization shown in 

Fig. 91, the service manager is an executive reporting to the per- 

sonnel director. In order to handle the service functions effectively, 
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he should be a man of warm human interests who will have a real 
desire to promote the well-being of the employees as well as a man 
who is experienced in personnel work. 

Recreation. Mr. Daniel Bloomfield states that “recreation is some- 
thing more than play. It is an effective change of occupation.” ? It 
tends to ease the strain which results from the swift pace in modern 
industry. It aids in the elimination of fatigue poisons, thereby refresh- 
ing the energy of the worker, which is reflected in increased ability to 
produce. Furthermore, the interest which recreational activities arouse 
tends to hold the employees in the organization. Because of these 
very material advantages, some organizations employ a trained recrea- 
tion director with whom the plant physician cooperates in the conduct 
of recreational activities. 

The promotion of recreational activities should not be permitted to 
become paternalistic. ‘The American workman resents any attempt to 
supervise his activities outside of working hours. Furthermore, too 
lavish expenditures may suggest the idea that the money might better 
be put in the weekly pay envelope. Those recreational activities are 
likely to be most successful which originate with the employees and 
which are supervised by them. 

The extent to which recreational facilities are necessary varies 
considerably between companies. If the plant is located in a small 
town which does not offer adequate opportunities for recreation after 
working hours, then it may be necessary for the company to cooperate 
to supply the recreational deficiencies. On the other hand, if the plant 
is located in a large city, there are many activities to interest the 
worker after hours, and the distances from the workers’ homes to the 
plant may be too great to make recreational activities after hours a 
practical proposition. 

Probably in all plants there is some opportunity for limited recrea- 
tion during the noon hour. If interdepartmental competition can be 
developed, the results may be very beneficial. Bloomfield points out 
that recreation of this sort has a democratizing influence. It tends to 
break down factions within the organization. 

Following are some of the more common types of recreational 
activity. 

(1) Athletics. Many concerns maintain large, well-equipped ath- 
letic fields for the use of their employees. 

(2) Motion Pictures. Used both for amusement and education. 

(3) Rest Rooms. Usually equipped with books and current lit- 
erature of various kinds. 

(4) Club Houses. There are a great many examples of these. 


1 Labor Maintenance, by Daniel Bloomfield. 
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The Curtis Publishing Company maintains a very good country club 


for its employees. a . 
(5) Playgrounds. The U. 8. Steel Corporation has established 
more than 125 children's playgrounds. 
(6) Afusic. Some concerns mamtam company hands, glee clubs, 


and similar musical activities. Often they have a certain amount of 
advertising as well as personnel value. 

The Plant Restaurant. The plant restaurant has three important 
functions. It serves the workers with wholesome warm food at a 
minimum cost. It provides a social center where the men may gather 
during the noon hour. It provides a clean, decent place to cat. 

Ability to get warm, properly selected food may affect the em- 
ployee’s productivity materially. A cold lunch of rich foods is hard 
to digest. J*or an hour or more after one has eaten such a lunch, one 
is likely to feel dull, lifeless, and sleepy. The danger of accidents in- 
creases and the ability to produce decreases. 

It is not uncommon to see the men sitting around the tables in the 
restaurant discussing various subjects, after they have finished their 
meal. There may be card games in progress in various parts of the 
room. An opportunity has been provided for a desirable form of rest 
and recreation. 

The provision of a decent place for the employees to eat their lunch 
sometimes has a considerable effect on labor turnover. This is par- 
ticularly true if previous conditions have been bad. If one has had 
the experience of eating one’s Junch with grimy hands while seated on 
a workbench littered with grease-covered tools and machine parts, one 
can appreciate that a washroom and a decent place to cat may add 
greatly to the worker's satisfaction with his job. 

During the war, the British Ministry of Munitions made an in- 
vestigation of industrial restaurants. A summary of the benefits which 
they considered resulted from the restaurant are listed below: ? 


Direct benefits. 

Marked improvement in the health of the worker. 
Less sickness. 

Fewer absences and less broken time. 

Diminished tendency to alcoholism. 

Increased efficiency and output. 


Indirect benefits. 

Considerable time saved for the workers. 

A salutary change from the workshop. 
Greater contentment among the workers. 
Better midday ventilation of the shop. 
Increased recreational activities in spare time. 


1 Taken from a morc complete discussion in Bloomficld’s, Labor Maintenance. 
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The plant restaurant is a large shop development. Restaurants are 
not generally found in plants employing less than 500 employees. On 
the average, about 40 per cent of the total number of employees eat 
in the restaurant. As a result, the number of meals which can be 
sold in the small plant restaurant is not sufficient to make possible 
low-cost meals, which are essential to success. However, it is possible, 
even in the small plant, to provide a clean place to eat and to serve hot 
coffee at a nominal price. 

Most industrial restaurants are run on the cafetcrial plan to keep 

costs at a minimum. Even with a well-planned and well-managed 
cafeteria it is the usual experience that the restaurant will be run at a 
small loss. In most cases an attempt is made to sell the food at its 
cost plus the cost of the restaurant help. No charge is made for rent, 
hight, and other overhead expenses. One reason for this practice seems 
to be that executives fear that if prices are high enough to cover all 
costs, the employees may feel that they are being exploited to the 
profit of the company. In many cases, the personnel department 
definitely expects to run the restaurant at a loss, feeling that any deficit 
incurred is a legitimate charge for employee service work. 
Employee Housing. Under certain conditions, industrial housing may 
have an important relation to turnover. This may be the case in a 
large industrial city following a period of prosperity and great manu- 
facturing activity, when there has been a considerable influx of workers 
drawn by the high wages which are offered. It may be the case in 
the small town in which a rapidly growing plant finds it necessary to 
bring in considerable additional labor. Tf a workman cannot get de- 
cent housing and create satisfactory home conditions at a reasonable 
cost, he will locate, at the first opportunity, where these necessities can 
be procured—other things being equal. 

Regarding the importance of proper housing, Bloomfield says, “It 
is true that the two chief elements in labor maintenance are adequate 
wages and good working conditions; but the next factor is housing.” * 

While some may question this ranking, its importance cannot be de- 
nied. The government's experience with housing during the War 
threw the close relation between housing and labor turnover into sharp 
relief. The War Department found that the instability of labor forces 
interfered seriously with the procurement of war materials. One of 
the most important causes of this instability was the inadequacy of 
housing facilities in many large industrial centers. 

Proper industrial housing may be quite as important in times of 
peace as in war times, although the situation may not be so acute. If 
there is insufficient good housing reasonably adjacent to the plant, 


“1 Labor Maintenance, by Daniel Bloomficld. 
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the employees may have to pay an exorbitant price for housing that 
is satisfactory. The excessive drain on the worker’s income may mean 
a certain amount of privation in other ways. If he accepts poorer 
living quarters, the result may be unsatisfactory home conditions, loss 
of self-respect, lowered morale, dissatisfaction, and eventual separa- 
tion from the company. The fact that large, well-managed organiza- 
tions such as the U. S. Steel Corporation and the General Motors Cor- 
poration undertake ambitious housing programs indicates the necessity 
of proper housing for employees. 

There is not sufficient data to indicate whether the investment in- 
volved pays a reasonable return directly, but the probabilities are that 
it does not. The difference between the actual return and a reason- 
able return must be considered to be an employee service charge. 

The larger corporations usually organize separate housing corpo- 
rations to handle their housing problems. These corporations survey 
local housing conditions to determine the availability of proper hous- 
ing. They survey the employees to determine the character and extent 
of the demand for housing among their own employees. They work 
out plans for the easy purchases of homes and sometimes supervise the 
financial and construction details. 

Any considerable discussion of financing methods is beyond the 
scope of this book, except to say that all service is intended to be given 
at cost. A reasonable rate of interest, 5 per cent or 6 per cent, is 
charged on unpaid balances. In some instances, advances are made 
by the company to the employee to enable him to make his first pay- 
ment to the housing corporation. In the event that the employec leaves 
the company before his payments have been completed, the company 
may have the first opportunity to purchase. : 

The desire to provide good housing for its employees should not be 
permitted to lead the company into a paternalistic attitude on the sub- 
ject. The demand for housing should flow naturally from the em- 
ployees, with such publicity and stimulation of a general nature as 
may be necessary. Otherwise the company may lay itself open to the 
charge that its housing activities are merely a device to hold the em- 
ployee to the company, weakening his bargaining position, and depriv- 
ing him of his privilege to change jobs to his advantage. This is 
something quite different from an honest desire to make employment 
conditions so attractive that the employees will wish to stay with the 
company permanently. 

While the small plant cannot undertake the solution of its housing 
problems on such a great scale, there are some steps which it can take, 
which are helpful and inexpensive. An employee of the personnel 
department can be appointed to look after the housing problems. Fle 
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can canvass the territory contiguous to the plant to determine the 
amount and character of the housing available. Jt can be made known 
that the personnel department will list all desirable rooms and apart- 
ments for rent and will bring them to the attention of its employees 
who are in need of housing. The department may be able to give ad- 
vice regarding the purchase of homes. 

The Mutual Benefit Association. The mutual benefit association 1s a 
form of private, social insurance. Its purpose is to provide the em- 
ployee with some protection against the hazards of industry. The 
two most common benefits given by such associations are a measure 
of protection against loss of wages in case of disability, and the em- 
ployee’s funeral expenses. 
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The organization of such associations may be justified on the 
vrounds that the amount of the average employee’s wages and his 
temperament do not make possible an adequate provision for such con- 
tingencies out of his wages; that the resulting financial worries cause 
discontentment and loss of morale. 

In most cases, the idea of an empluyees’ benefit association usu- 
ally originates with the employer. His greater vision gives him a 
better appreciation of the problem. He has greater organizing ability 
and is in a better position to initiate the formation of such an or- 
ganization. However, such an association should be essentially an em- 
ployees’ organization. As a result it is usually the case that after the 
organization has been perfected, the plant executives withdraw into 
the background as far as possible. The general supervision of the 
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association should be vested in a committee clected by and from the 
employees. A member of the financial organization may be appointed 
to the committee by the management to advise in the administration 
of funds and other financial matters. Jt may be convenient to appoint 
a member of the personnel department to act as executive secretary 
because of his contacts with the personnel and his availability during 
working hours. 

The organization of a mutual benefit association usually is pre- 
ceded by a campaign of education among the employees to familiarize 
them with its purposes, functions, and desirability. After a satisfac- 
tory groundwork has been laid, the next step may be to explain the 
details of a tentative plan to the employces through the medium of 
the house organ and to elect a committee of employees to perfect them. 
This committee should work up a constitution and by-laws for presen- 
tation to the employees. The final step in organizing may be to hold 
an election among the employees for the adoption of the constitution 
and by-laws and the election of officers. 

Membership in such associations usually 1s optional. All regular 

employees are eligible. In some cases they are eligible only after a 
satisfactory examination by the company physician. Membership dues 
usually are small, ranging from twenty-five cents to one dollar per 
month, deductible from wages. In almost all cases membership ceases 
when employment terminates. 
The Promotion of Thrift. Some executives feel that the thrifty em- 
ployee is the more stable, dependable, and contented employee. Accord- 
ingly, there are numerous examples in industry of plans which are 
intended to develop the habit of thrift. 

Like most service activities, participation in a thrift plan usually 
is voluntary. If the employee clects to join the plan, he must deposit 
a small percentaye of his salary each week. In some cases the decision 
as to the percentage to be deposited rests with the employee. Some- 
tunes there is a minimum percentage for each salary range. The em- 
ployee receives more than the current rate on bank deposits. A large 
food-packing concern in Cleveland pays 5 per cent per annum on all 
savings up to $2 per week, and 6 per cent on all savings above this 
amount. There are instances where the company has agreed to make 
a deposit to the employee's credit equal to the amount which he de- 
posits. Usually there is a provision that the total of such credits 
shall not exceed a certain per cent of the company's net income. 

Another type of plan which tends to promote thrift is the stock 
sales plan. The purpose of this type is to facilitate the purchase of the 
company’s stock, common or preferred, as the case may be, in order to 
promote thrift and an increased interest among the employees in the 
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success of the company. In such cases, it is hoped that ownership of 
stock will produce a more cooperative spirit and a desire to give the 
greatest possible production. 

Channels of Communication. In the early stages of the development 
of our industries, when industrial units were smaller, there was often 
an intimate contact between the owner and manager of the industry 
and his employees. While the problems of management were simpler, 
the employee had a better appreciation of them because of his closer 
contacts with the owner-manager. It is not implied that the early days 
of the development of American industry were entirely free from 
labor troubles, because such was not the case. However, where owners 
had a sympathetic interest in their employees, they were usually re- 
warded by interested cooperation growing out of the closer contacts. 
Even today there are a great many small shops in which the employees 
have a sympathetic interest in the success of the business, due to such 
close contacts. 

In many of our large industries the stockholders have only a profit 

interest in the business. The general management may be located in 
some city which is at a considerable distance from the plant. The 
officers and high executives of the company are merely names to the 
employees. They, in turn, are chiefly interested in maximum wages 
for minimum effort. For these reasons, it is desirable, in many con- 
cerns, that better contacts and means of communication between the 
management and the employees be established. 
Suggestion Systems. The suggestion system is one which is intended 
to facilitate the making of complaints or suggestions by the employces, 
regarding the conditions of employment or other phases of the man- 
agement of the plant. 

The mechanism of the suggestion system consists of the suggestion 
boxes located at strategic points throughout the plant, standard blanks 
for making suggestions placed near each box, and some regularly or- 
ganized committee for considering suggestions. Publicity should be 
given to the aims and objects of the system and the procedure for sub- 
mitting suggestions. 

In most cases, a committee for considering and grading the sug- 
gestions 1s selected by the management from among the older em- 
ployees, together with certain executives appointed because of their 
technical or managerial knowledge. In some cases, the employees 
may be permitted to elect the employee members of the committee. 

The suggestions, on the standard forms, are collected from the 
suggestion boxes at regular intervals. They are then graded by the 
committee with regard to their value to the company. They may refer 
to methods for increasing production, bettering working conditions 
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in the plant or any other subject regarding which the employee thinks 

he has a good idea. No suggestion should be pigeonholed regardless 

of how little value it may have. Unless this is accepted as a basic 
Form Ne. C-933 


THE PROCTER & GAMBLE CO. 


Suggestion No. 1521 -A Ivorydale, Ohio———_______»» 
THE PROCTER & GAMBLE CO. 
Gentlemen: 
I desire to respectfully submit the following suggestion: 








Suggestion No. 1521 -A 
In case you do not wish to sign your name, detach and preserve this slip: 
Courtesy—The Procter & Gamble Co, 
FIG, 115 
A SvcGrestion BLANK 


principle, the system will gradually die from lack of interest. All sug- 
gestions should be acknowledged with a statement of the action taken 
by the committee and the reasons for such action. 

The employee should be paid for those suggestions which are of 
value to the company. In most cases there is a definite scale of rewards 
for different grades of suggestions. The difficulty with this method 
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is that the reward may be entirely inadequate with regard to the value 
of the suggestion. Where this is the case the effect on the employees 
in the shop may be negative because of the apparent injustice. If the 
system is to have the greatest success, the amount of the reward should 
have some definite relation to the value of the suggestion, particularly 
where its value can be estimated with reasonable accuracy. 

In addition, the names of those who have made valuable sugges- 
tions should be printed in the shop paper in order to take advantage 


THE PROCTER & GAMBLE Co. 


SUGGESTION COMMITTEE 
ACKNOWLEDGEMENT OF SUGGESTION 


RecorRD No.———________ IVORYDALE, 0... 


M 





We acknowledge the receipt of your Suggestion No. 
for which we thank you. It has been referred to Mr. 


for investigation. You may bring to his attention any further information you may have concerning your idea. 
You will be advised of final disposition just as soon as a decision is reached. 


Very truly yours, 
SUGGESRION_COMMITTEE 
« 





Courtesy The Procter & Gamble Co. 
FIG. 116 
A Succestion ACKNOWLEDGMENT 


of the spirit of competition and the pride of accumplishment. In 
many cases, of course, the only reward that can be given is that of 
honorable mention. 

Finally, all suggestions which have received honorable mention 
should be recorded on the employees’ history cards and should have 
consideration in connection with promotion. 

Handling Grievances. Some plants which do not have an organized 
suggestion system or which do not care to handle grievances through 
it, have a regular procedure for the consideration of employee griev- 
ances. There are certain advantages to having such a procedure. It 
is not uncommon to hear some managing executive say that the door 
of his office is always open to any employee who thinks that he has a 
grievance. While such statements are almost always made in good 
faith, they rarely mean much. The employee is diffident about going 


PERSONNEL CONTROL—EMPLOYEE SERVICE 379 


to the office of an important executive with a grievance which in itself 
is not of great importance. Obviously, if any large number were to 
do so the executive's time would be absorbed largely in listening to 
troubles. Furthermore, the practice of leaving the adjustment of 
employee grievances to the foreman is not satisfactory. In many cases 
he has a personal interest in the grievance. In any event, he is too 
busy with his usual supervisory duties to seek out the cause of the mal- 
adjustment and to see that it is properly corrected. As a result of 
such methods, many petty grievances are overlooked or poorly ad- 
justed. Individually, they may not be important. In the aggregate, 
they may be a considerable cause of irritation among the workers, low 
morale, ill-feeling and underproduction. 

In many plants the procedure for handling employee grievances is 
somewhat as follows. The employee first takes up the grievance with 
his foreman or department head. If he fails to get satisfaction from 
the foreman, he can arrange an appointment and present his case to 
the personnel manager or service supervisor, who may endeavor to 
adjust the matter with the department head. If he is still dissatis- 
fied, he can present a written appeal to the shop superintendent or 
general manager. In some instances the employee can carry his case, 
by written appeal, to the president or the board of directors, with whom 
the final decision always rests. 

Employee Representation. A system of employee representation is 
one in which matters affecting the interests of the employees are con- 
sidered, and recommendations to the management pertaining thereto 
are formulated, by a committee of representatives, elected by the em- 
ployees from among their own numbers. This committee may meet 
independently or with not more than an equal number of representa- 
tives of the management. Such recommendations have legislative 
status, but not executive status, unless approved by the management. 

The purpose of the system is to provide a formal channel through 
which the needs and desires of the employees can be expressed, and 
through which the management can enlist the cooperation of the em- 
ployces in the solution of management problems affecting their mutual 
interests. 

Any system of collective dealing, to be successful, must rest on a 
sincere desire on the part of the management to cooperate with its 
employees. If the purpose of the plan is to make the employees feel 
that they are getting a large measure of democracy in management 
while actually they are not, then the plan is doomed to failure. The 
employees are quick to sense such a situation. 

Before any such plan can be put in operation it should be preceded 
by a considerable campaign of employee education in industrial eco- 


380 FACTORY ORGANIZATION AND MANAGEMENT 


nomics. Unless this is done, the operation of the plan may be ham- 
pered by many economic misconceptions on the part of the employee 
representatives, which can easily cause its failure. 

Simplicity is most decidedly a virtue in connection with employee 
representation. If an undue length of time must elapse before the 
employees can get action on recommendations, because of unnecessary 
red tape, there is likely to be a loss of interest in the plan. Tliere is 
danger of dissatisfaction with the slowness with which unsatisfactory 
conditions are adjusted. Possibly suspicion may be aroused that the 
plan is intended to give a semblance of action without any real relief. 
The tendency in most plans is toward greater simplicity. 

Employee representatives must have absolute immunity from dis- 
crimination by the management because of any action taken or opin- 
ions expressed in the discharge of their representative duties. Very 
often this guaranty is written into the constitution of the plan. 
Without such a guaranty it may be difficult to get frank expressions of 
opinion from the employee representatives, the confidence of the em- 
ployees, or their cooperation. 

In order to get as widespread interest in the plan as possible, it is 
usually provided that all employees are eligible to vote in elections and 
to serve as representatives, with some minor restrictions as to age, 
length of service, citizenship, etc. In all cases, the election of employee 
representatives should be under the supervision of the employees, in 
order that they may have no feeling that the elections are fixed so that 
only representatives favorable to the management are elected. 

The scope of the shop committee's activities should not be re- 
stricted. If they wish to consider management matters which are not 
directly connected with wages and working conditions, the manage- 
ment should cooperate with them in such consideration. If their ac- 
tivities are restricted, the emplovee representatives may feel that there 
is no real basis of cooperation; that the management is endeavoring 
to confine their attention to those subjects which are considered safe. 

Finally, all recommendations from the shop committees should 
receive prompt action from the management. If for any reason it can- 
not approve a recommendation, it should immediately return the rec- 
ommendation to the committee with a complete statement of the rea- 
sons for its veto. 

Types of Employee Representation Plans. There are two types of 
employee representation plans, the bicameral and joint-committee types. 
In the bicameral type the elected representatives of the employees and 
the represenatives of the management meet as separate committees. 
The advantage of the separate committee is that there is no danger 
that the employee representatives will be overawed by the presence of 
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management representatives, and as a result it is more probable that 
frank expressions of opinion will be obtained. Recommendations, 
originating with either committee, which affect the interests of the 
employees, must be presented to the other committee for consideration 
before being forwarded to the final authority for approval. In some 
plans of this type, the names of the committees are taken from similar 
legislative and executive bodies in our federal government to suggest 
some analogy between our political democracy and industrial democ- 
racy. lor instance, the employees’ committee may be called the House 
of Representatives, the committee of management representatives the 
Senate, and the committee of higher executives, which is the final au- 
thority, the Cabinet. To illustrate the course of recommendations 
under this type of organization, suppose that the management com- 
mittee, composed largely of foremen and other shop executives, decides 
to make some recommendation to the general management regarding 
piece rates in the shop. Before this recommendation could be ap- 
proved finally it would be necessary to submit it to the employees’ 
committee. In the event that the latter committee did not approve it, 
the recommendation would be returned to the management committee 
with suggested changes. It might be necessary for the recommenda- 
tion to be submitted to both committees a number of times before their 
views could be harmonized. After the recommendation had received 
the approval of both committees, it would be forwarded to the final 
authority. This final authority might be the executive committee of 
the plant, the president of the company, or even the board of directors. 
When the recommendation received the approval of the final authority 
it would become an executive order. 

In the joint-committee type of employee representation the repre- 
sentatives of the employees meet with not more than an equal number 
of representatives of the management. Any recommendations approved 
by this committee go directly to the final authority for approval. It is 
claimed that this type of organization facilitates action on employee 
recommendations in that the red tape of passing bills back and forth 
between separate committees is eliminated. After the employee rep- 
resentatives have become convinced of the honesty and fairness of the 
management, there is no difficulty in getting a free expression of opin- 
ion from them. Usually there is a provision that the employee repre- 
sentatives may withdraw for caucus if they so desire. 

Fig. 117 shows an organization for employee representation which 
might be suitable for a large corporation operating a number of plants. 
The various management committees are shown in dotted lines to in- 
dicate that in a similar organization of the joint-committee type the 
employee and management committees would be combined. 
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The Growth of Employee Representation. Data collected by the Na- 
tional Industrial Conference Board indicate that in 1919 there were 
approximately 391,000 employees working under employee represen- 
tation. In 1924 the number had increased to approximately 1,100,000 
workers. This remarkable growth is due to a number of influences. 
One of the most important is the influence which governmental authori- 
ties exerted in the period of government control during and imme- 
diately following the War. In addition, there are other reasons, but 
their discussion is outside of the scope of this book. 

The Field of Usefulness of the Shop Committee. A number of sur- 
veys seem to indicate that very few plans for employee representation 
are to be found in plants employing less than 250 employees. The 
greatest number seem to be in plants employing between 500 and 5,000 
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employees. One reason for this is that in the very small plants there 
is sufficient personal contact between the employees and the manage- 
ment, so that more formal channels of communication are not necessary. 
The Results of Employee Representation. ‘The majority of execu- 
tives who have plans for employee representation in operation in their 
plants are unable to point, with any assurance, to tangible benefits from 
the plans. However, they are almost unanimously agreed that where 
such plans are operated intelligently and honestly they result in increased 
cooperation from the workmen and increased morale in the whole or- 
ganization. Of course there are instances where the management can 
point definitely to tangible benefits such as decreased turnover, in- 
creased production, direct assistance in setting production standards, 
and many other advantages. The opinion seems to be that the in- 
creased morale and the better cooperation developed is well worth the 
time and expense required for the operation of a system of employee 
representation. 


CHAPTER XXVI 
PERSONNEL CONTROL—EMPLOYEE EDUCATION AND 
TRAINING 


The Function of the Education Section. The education section of the 
personnel department is partially the result of the necessity for devel- 
oping a supply of skilled workers or executives and the realization of 
managers that the mental stimulation of the whole working force, 
together with their general upgrading, will confer, indirectly, consider- 
able benefits on the company. 

These benefits, while intangible, are none the less real. The pro- 
vision of opportunities for self-development tends to stimulate ambi- 
tion, particularly among the younger employees, which induces greater 
application to the job and more intelligent performance of duties. Fven 
the older employees may he stimulated to become more effective work- 
ers, due to the more effective competition of the younger workers. 
A better understanding of the management's problems, valuable sug- 
gestions for the better performance of specific jobs or the operation of 
the plant, and many other benefits, often flow from the activities of a 
well-organized education and training section. 

Undoubtedly it can do much to create conditions which will tend 
to reduce Jabor turnover. There should be a rational connection he- 
tween its work and the promotion policy of the company. The crea- 
tion of a better understanding of the company’s problems in itself 
tends to develop a better morale in the organization and therefore to 
react favorably on labor turnover. 

Because of the greater realization by the more progressive plant 
executives of the social responsibilities of industry to its employees, 
there is a greater tendency to cooperate with public educational au- 
thorities in the education of minors in industry through part-time 
schools, continuation schools, and other means. 

Educational Activities. By plant educational activities is meant those 
activities of the education and training section which do not relate 
to training for a specific job or craft, which are concerned primarily 
with the general education and development of the employee. Such 
activities include the operation of company schools, cooperation with 
public educational authorities in the conduct of part-time and contin- 
tiation schools, the publication of the shop paper, the maintenance of 
383 
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company libraries, cooperation with employees in connection with cor- 
respondence courses, and similar work. 

The Company School. The company school is intended to provide the 
ambitious employee with means for his further development. Such 
schools are maintained at the company’s expense, for reasons which 
have been noted previously. The courses offered usually do not train 
for any specific job or craft, but are such as to make the employee 
more valuable to himself and to the company in his work. Obviously 
the curriculum must be suited to the needs of the company, and there- 
fore will vary considerably between companies. S:ome courses which 
are commonly offered are english, shop mathematics, mechanical draw- 
ing, elementary metallurgy, and elementary courses in shop organiza- 
tion and management. 

In some cases, the company school has been developed to a con- 
siderable extent, as in the case of ‘Goodyear University,” maintained 
by the Goodyear Tire and Rubber Company. In this particular case, 
it is possible for the employee to receive instruction in many subjects 
which are usually considered of collegiate rank. However, a plant 
educational project of such magnitude is possible only for a large cor- 
poration employing many thousands of employees. 

In addition to the regular courses in the school, outside authorities 
may be brought to the plant to address the employees during the noon 
hour on various subjects related to industrial economics. 

In plants which employ large numbers of foreign-born workers, 

Americanization work is an important phase of the work of the educa- 
tion and training section. In addition to training in English, reading 
and writing, and education in the ideals of our democracy, the foreigner 
is coached for his naturalization examinations. The section aids 
greatly in the work of Americanization by urging foreigners to qualify 
for citizenship as rapidly as possible. 
The Shop Paper. The shop paper has three important functions. It 
offers a channel of communication between the management and the 
employees ; assists in the development of the social life of the factory ; 
aids in the education of the employees in the internal economics of the 
business. 

Because of the nature of the first two functions, the publication of 
the shop paper may be placed under the service section of the personnel 
department in a great many cases. However, because of the importance 
of educating the employees in industrial economics and the important 
part which the shop paper can take in such work, a better place for its 
publication may be under the supervision of the education and training 
section. 

The shop paper can serve as a channel of communication between 
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the management and the employees for the reason that it offers an 
opportunity for the presentation of the management’s viewpoint on 
any matters affecting the employee's interests. Furthermore, it should 
be a means by which worth-while suggestions and criticisms of plant 
operations can be presented by employces. 

A common use of the shop paper, and one which is often carried 
to extremes, is the development of the social life of the plant. Inter- 
esting occurrences in different shops or departments, plant athletic 
activities, interesting news regarding the older and better-known em- 
ployees in various departments, tend gradually to interest the employee 
and fuse him into the life of the shop. When the life of the shop be- 
comes an integral part of the life of the employee, he is usually a 
steady, permanent employee. 

A field for the shop paper, which also tends to accomplish many 
of the purposes mentioned, is the education of the employees in what 
may be termed the internal economics of the business. One of the 
great personnel problems in modern industry is the employee's lack of 
knowledge of the relation of his job to the manufacture of the finished 
product. He has little or no conception of the relation of the work of 
other employees to the work that he is doing. Articles printed ir the 
shop paper dealing with the product, its construction, and the processes 
necessary to the manufacture of the various parts which enter into it; 
articles showing methods of selling the product; articles dealing with 
the methods of management and their relation to the worker—all tend 
to give the employee a greater appreciation of the problems of the man- 
agement, the relation of his job to the manufacture of the product, 
and a greater interest in his job. The result usually is better and 
more intelligent cooperation. 

In addition to the field of education in industrial economics, the 

shop paper can be helpful directly in assisting the workman to develop 
himself generally or for his job. In some instances, short courses of 
study dealing with such subjects as shop mathematics are run in the 
shop paper. 
Plant Libraries. In order to afford greater opportunities for self- 
development, many plants maintain plant libraries. Often such li- 
braries are supervised by a paid, trained librarian. Where this is the 
case, the library may serve additional function of keeping the vari- 
ous plant executives informed regarding interesting articles in current 
magazines bearing on developments in their particular fields. New 
books and magazines are digested by the librarian and notice of such 
articles is sent to the various executives who might be interested. 

In some cases there ts a reading-room for employees in connection 
with the plant library to afford the employees an opportunity to read 
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during rest periods or during the noon hour. Sometimes books are 
loaned by the plant library to employees. 

The plant library often 1s operated in cooperation with the city 
library system. 

Correspondence Courses and Night Schools. Some companies en- 
courage their employees to take correspondence or night-school courses 
on the theory that anything which tends to upgrade the employees re- 
acts to the henefit of the company. As an incentive to take and com- 
plete stich courses, the employees should be encouraged to report their 
enrollment to the personnel department, which enters the fact on their 
history cards. An effort should then be made to have the completion 
of the courses, with the final grades, reported so that they also may 
appear on the card. It should be understood generally that this informa- 
tion is a part of the basis for promotion. 

Other Educational Activities. The plant bulletin hoard can be used 
in connection with plant education to a greater extent than is usually 
the case. For a long time it has been used to display posters promoting 
safety work. Similarly, it can be used more extensively to .present 
graphically many facts relating to personnel relations or the general 
problems of management. 

Along the same lines of a visual presentation of plant economics, 
some concerns are using motion pictures to present interesting infor- 
mation relating to the plant and its processes. As previously pointed 
out, much of the pride of craftsmanship has been lost because the em- 
plovee performs but a single operation in a complex manufacturing 
process, with little or no knowledge of the relation of his work to the 
production of the finished product. If he can visualize the importance 
of his job in the whole scheme of production, much of his lack of in- 
terest in his job can he overcome. 

Shop Training. By shop training is meant that work of the education 
and training section which has to do with the training of employees for 
specific jobs or crafts. The nature of the training methods and the 
extent to which they are developed in a particular plant is a function 
of the training needs of that plant. In some plants, little or no training 
may be required for new employees. In others, it may be necessary to 
develop semi-skilled workers for certain jobs, and in addition to develop 
and maintain a supply of skilled craftsmen of various kinds. 

Training on the Job. In this type of training, the employee receives 
instruction in the performance of his job from an experienced work- 
man who ts regularly designated for this work, or from the foreman. 
Instruction is given from time to time while the new employee is 
regularly working at his job. The difficulty with this type of training 
is that it is hard to find a workman who has the combination of skill 
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and teaching ability which is necessary to the satisfactory performance 
of this function. Furthermore, training work of this type is likely 
to he poorly organized and to suffer as a result. 
Instruction by Training Supervisors. ‘his method is somewhat 
similar to the preceding method, except that a corps of skilled instruc- 
tors who devote their whole time to the training of employees is de- 
veloped. Certain of these men may be assigned to a department or a 
group of departments. Because of the fact that they are specialized in 
training work, the training of new employces is likely to be better or- 
ganized and to be carried on more effectively than under the preceding 
system. 

The Understudy System. The theory of this system is that for every 
job in the plant there 1s a man who is being trained to take that job 
when it becomes vacant. When the job becomes temporarily vacant, 
the understudy is transferred to the job to carry it on until the regular 
operative returns. To be really successful, there should be a well- 
worked-out plan of promotion. Tlowever, care should be exercised 
that the method 1s not so rigid that other employees who are entitled 
to promotion to the particular job in question are deprived of legiti- 
mate promotional opportunity. 

A variant of this idea is the Gilbreth three-position plan of promo- 

tion. Under this plan, each employee in the plant is considered to be 
holding three positions. The first is the job from which he has been 
promoted. He 1s expected to train the man who has taken his former 
job for his present job. His second position is the job on which he is 
at present employed. ITis third position is the job to which he expects 
to be promoted. It 1s expected that he shall make every effort to train 
himself for this job so that he can step into it when the opportunity 
offers. 
The Flying Squadron. This method, made famous by the Goodyear 
Tire and Rubber Company, is intended to provide a source of executive 
material, familiar with the various operations in the plant. A corps of 
men, picked for their possible development into executives, 1s main- 
tained for use in any department in the plant in which an emergency 
need for labor arises. Because of their varied experience, a supply of 
labor skilled in all phases of the work is developed. In addition to 
this varied training, the members of the flying squadron receive some 
organized instruction in the principles and practices of industrial man- 
agement. 

In addition to developing a source of executive material, a mobile 
force of workmen, skilled in all phases of production, is a considerable 
aid in maintaining and balancing production between departments. 
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The Apprentice System. The modern apprentice system differs from 
the guild apprentice system in at least two important ways. First, the 
individual contact with and competent instruction under a skilled master 
of the craft has disappeared. With it has gone some of the inspiration 
to acquire craft skill. In the second place, modern industry requires 
that journeymen be created with greater speed and efficiency than was 
possible under the unorganized methods of the guild apprentice system. 

An apprentice system is a system of training intended to provide 
the apprentice with sufficient skill and knowledge of his craft to permit 
him to handle, in a satisfactory manner, the work of that craft under 
ordinary conditions and supervision. 

The maintenance of an adequate supply of skilled journeymen has 
been rendered difficult in many crafts for a number of reasons. Many 
journeymen are forced to get their training by casual and irregular 
contacts with the work of the craft in different shops, due to the fact 
that there is an increasing number of plants which have discontinued 
their apprentice training courses. One reason for discontinuance is 
that concerns which do not wish to bear the expense of apprentice 
training hire the journeymen which other firms have made. <A partial 
remedy for this is to make the apprentice course pay its way by routing 
as much productive work to the apprentice shop as possible. Another 
remedy is to hold the newly created journeymen by the application of 
a proper wage and promotion policy. Another cause for the failure 
of some apprentice courses 1s the fact that no account 1s taken of the 
varying abilities of apprentices. The apt apprentices can progress no 
faster than those who are less apt. Many boys are discouraged by the 
fact that the period of apprenticeship at low wages is unnecessarily 
long. They are likely to quit the course and go to another plant on 
sone regularly productive job at a higher rate of pay. Poor training 
methods will detract from the effectiveness of the apprentice course 
and will act to discourage apprentices from completing it. Finally, 
the methods of selecting apprentices in most cases are unsatisfactory. 
In many instances, selection is based chiefly on the fact the boy’s 
father is a skilled mechanic with the company. No attempt is made to 
determine the extent to which certain innate capacities, necessary to 
the acquirement of a high degree of skill in the craft, are present in 
the candidate for the course. 

While any extended discussion of modern industrial apprentice sys- 
tems is not possible in this book, it may be desirable to point out a 
few of the principal requirements of a good apprentice system. In 
the first place, the aims and content of the apprentice course should be 
definitely formulated and stated in an apprentice manual in order that 
the apprentice may know exactly the nature of the work in which he 
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must perfect himself. Such a manual permits the apprentice to deter- 
mine for himself the progress that he is making and as a result tends 
to maintain his interest in the course. Provision should be made for 
advancing the apprentice in the course as rapidly as his progress will 
permit. As he becomes eligible for advancement, his rate of pay 
should be adjusted accordingly as an incentive and a reward for per- 
fecting himself in his craft. Iligibility should not depend entirely 
upon serving a specified length of time in each apprentice grade. It 
should be determined largely on the basis of proficiency, which in turn 
should be determined by job tests, oral examinations, and the ratings 
of instructors. 

As stated previously, as much production work should be done in 

the apprentice shop as possible. Such work gives the apprentice more 
practical experience in the work that he must perform as a journeyman, 
maintains his interest in the work of the course, and reduces the 
expense of training apprentices. 
The Vestibule School. The vestibule school differs from the apprentice 
school in that the former trains for a specific job while the latter 
trains for acraft. To illustrate, in the latter we may train apprentices 
for the craft of machinist while in the former we may train applicants 
to become lathe hands, milling-machine hands, etc. 

The apprentice course may require a number of years for its com- 
pletion. Lathe hands can be trained in the course of a few months. 
In addition, the vestibule school may be used to give the new employees 
a short course of training for semi-skilled jobs. 

The advantage of the vestibule school is that new workers on semi- 
skilled jobs or skilled jobs of a specialized nature are brought to a 
reasonable efficiency in a relatively short space of time. Inasmuch as 
the learning period is likely to be the critical period that determines the 
permanency of the worker, the introduction of the vestibule school 
may have some beneficial effects on labor turnover. In addition, the 
training of the new employee is effected with less interference with 
the normal production of the shop. Finally, the vestibule school has 
the advantage that a supply of semi-skilled labor can be created in a 
relatively short time during periods when there is a shortage of such 
labor and manufacturers are bidding for the available supply. 


CHAPTER NAVI 


PERSONNEL CONTROL—DETERMINING THE CAUSES 
OF IMPROPER LABOR RELATIONS 


Tire causes of improper labor relations often are intangible. There- 

fore it is the more important that there be adequate methods and instru- 
inents for locating such causes. Unless they are located and proper 
action taken, there can be no hope that the quality of the company's 
labor relations will be steadily improved. The two most important 
methods are the analysis of the causes of Jabor turnover through the 
instrumentation of the labor-turnover record and the labor audit. 
The Nature of Labor Turnover. Mr. Sumner EH. Slichter defines labor 
turnover as “all terminations of employment in the force regardless 
of cause.” *> Those who take this view feel that all separations from 
the payroll involve cost to the employer, the employee, and the public. 
Therefore all should be included as turnover. A new employee requires 
more than ordinary supervision. J]is production, for a considerable 
period, is below normal. Tor this reason there is a certain amount of 
overhead expense which is not absorbed by the production from his 
machine. In addition, there will be more than a normal amount of 
scrap until he acquires average skill and efficiency. In some cases he 
must receive special training before he can be placed on a productive 
job. Furthermore, there is the pro-rata cost of operating the employ- 
ment department. These and other items are a measure of the employ- 
ers investment in the employee, which is lost when he is released. 
Separation involyes some costs to the emplovee, as there is some time 
in which he is out of work while finding a new job. Jie not only loses 
the wages which he would have earned, but may be forced to draw on 
his savings. From the viewpoint of society, there is a social cost in 
that the new employee often has a higher accident rate than the sea- 
soned, skilled employee. There is likely to be some loss of morale if 
the period of unemployment, while he is finding a new job, is at all 
extended. These costs occur whether or not it is the intention to 
replace the employee later. Inasmuch as one of the primary functions 
of the personnel department is to reduce labor turnover and its attendant 
costs, It would seem that all separations should be considered as labor 
turnover. 

On the other hand, there are those who feel that only employees 


1 The Turnover of Factory Labor, by Sumner H, Slichter, p. 3. 
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who are to be replaced should he considered as labor turnover. Mr. 
Paul H1. Douglas defines labor turnover as “‘simply the number of men 
hired by a given business unit to take the places of the men who have 
left. ‘Turnover does not begin until replacement occurs.”? In other 
words, during a seasonal decline in operations when many employees 
are being laid off, a measure of turnover based on this concept might 
show that no turnover had taken place. Those who advocate this view 
feel that, while separations may be satisfactory when the working force 
is increasing, they give erroneous figures when the force is decreasing. 
The organization 1s charged with losses over which it has little or no 
control. 
Measures of Labor Turnover. In addition to the above views, there 
are many other concepts of labor turnover which are more complex. 
As a result, there are many different measures of labor turnover in use. 
In most plants the measure of turnover is a ratio or percentage deter- 
mined by the relation of separations or replacements to the average 
number on the payroll or the average working force for the period 
under consideration. A committee of the National :mployment Man- 
agers Conference, held at Rochester, N. Y., in 1918, recommended that 
the “percentage of labor turnover, for any period considered, is the 
ratio of the total number of separations during this period to the 
average number of employees on the force report during that period.” 
The force report gives the number of men actually working each day, 
as shown by the attendance records. Their formula 1s 

T=S5/M 
where S is the total number of separations for the period. and ML 1s the 
average number actually working each day throughout the period. 
On the other hand, Mr. Paul H. Douglas suggests the formula, 

T=R/M 


where R is the number of replacements and M is the average number on 
the payroll. This figure is obtained by averaging the number on the 
payroll at the beginning and end of the month. In addition there are 
numerous other formule for computing turnover. 

Scott and Clothier have summarized the various arguments regard- 
ing these factors in computing turnover as follows :? 

In favor of using replacements : 


(1) On an increasing payroll, separations are not a true measure of labor turn- 
over, for separations at this time are a direct saving to the firm, as a gencral rule. 

(2) On a decreasing payroll with 100 separations and no hirings during a certain 
period, there has been no turnover, but if separations are used the result will be 
a turnover of 100. 

1“ Methods of Computing Labor Turnover,” by Paul H. Douglas—Bulletin of the 
Taylor Society, August, 1919. 

2 Personnel Management, by Scott and Clothier, p. 561. 
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In favor of separations: 


(1) Most separations are temporary and the breaking in of the new men repre- 
sents a real cost to the employcr. 

(2) All separations mean a cost to the man and the public—the loss of income 
to the man and the loss of social income to the public—if the usual period of job- 
hunting follows. 

(3) The causes of separations are not independent, but interdependent, and 
therefore all separations should show in the turnover figures if true answers to the 
industrial problems are sought. 


In favor of payroll figures : 


(1) Payroll figures always contain the whole labor force and the force-report 
figures fluctuate from 100 per cent to 50 per cent or lower. This fluctuation has 
no real relation to labor turnover. Hence, the percentage computed with such a 
fluctuating base is unreliable. 

(2) Men often leave without notice and are not reported for several days, and 
the payroll figures in this case are the correct basis because these men should be 
included in the denominator of the turnover figure of the period which represents 
them. They are, however, dropped on the force-report figures. 

(3) Payroll figures are casier to obtain as they come from one source, while 
attendance or force-report figures come from a large number of sources. 

(4) Labor fluctuation, absentecism, and tardiness probably will be studied in 
the near future. Payroll figures are the logical base to use in computing indices 
for these figures, and the use of the payroll figures as the base for labor turnover 
will save considerable clerical labor. 

(5) The force report confuses absentecism with labor turnover. This isga sep- 
arate factor which is not confused with labor turnover if the payroll figures are 
used. 

(6) The mean number of men on the payroll is a better measure of the risk of 
change than is the mean of the number of men on the force report. The risk of 
change varices with the number of men employed and the length of time employed. 

(7) The payroll figures are simple and familiar to all. Force-report figures ure 
not so gencrally used nor so familiar. 


In favor of the force report: 


(1) The payroll figures often contain large numbers of dead wood—men who 
have quit but have never called for their pay, men who have left without notice 
and are not paid at the time the turnover is computed, and so forth, and the force- 
report figures are cleared of all such names. 


The Significance of Labor Turnover. Vabor turnover is a measure 
of the stability of the organization. As such it gives some indication 
of the efficiency of the management, particularly when it is due to 
, Wages or working conditions over which the management has a large 
measure of control. A maximum quantity of work of the best quality 
cannot be obtained when the employees are irritated by improper super- 
vision, when the air in a shop is fouled by noxious gases given off by 
the manufacturing processes, when wages are unfair as judged by 
current rates or when other conditions relating to wages or working 
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conditions are improper. A study of labor turnover in shops where 
it is unduly high may indicate conditions which warrant the attention 
of the management. 

From considerations of its costs alone, labor turnover is worthy of 
the attention of the management. A number of students of personnel 
problems have made studies of the cost of Jabor turnover in American 
industries. Their estimates range from $5 per employee for unskilled 
labor to $3,000 per employee in the case of valuable executives. Estt- 
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mates of the average cost of labor turnover range from $40 to $230 
per employee. It is not unusual to find a labor turnover of 100 per cent 
per annum or greater in the average plant operating under conventional 
management. If a conservative estimate of the cost of turnover is 
taken, say $50 per employee, such a plant employing an average work- 
ing force of 1,000 employees would be losing approximately $50,000 
per year. It is not possible or even desirable to reduce labor turnover 
to zero. Nevertheless, it is evident that considerable expenditures for 
personnel work can be made for the purpose of reducing labor turnover 
alone. 
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Kinds of Labor Turnover. Two kinds of labor turnover can be dis- 
tinguished—natural and unnatural. Natural turnover is that which 
results from causes not due to any fault of the organization. It in- 
cludes such causes aS marriage, assumption of civic duties, greater 
business opportunities, promotion, seasonal and cyclical influences 
which can only partly be controlled. Unnatural turnover is that which 
results from causes which can be traced to poor management. It 
includes such causes as poor supervision, poor hours of work, unsatis- 
factory wages, improper training, and similar causes. In the average 
plant, natural turnover usually is a small percentage of the total turn- 
over of the plant. 
Causes of Labor Turnover. The scope of this book is such that any 
extended discussion of the causes of labor turnover is not possible. 
Therefore, we shall content ourselves with listing a few of the more 
important causes. They are: 
(1) Nationality. 
(2) Housing conditions. 
(3) Sex. 
(4) Training. 
(5) Mentality. 
(6) Marital status and dependents. 
(7) Length of service. 
(8) Wages and earnings. 
(9) Conditions of work. ® 
(10) Hours of work. 
(11) Faulty supervision. 
(12) Personal characteristics. 
(13) Adaptability. 
(14) Lay-offs, transfers, and promotions. 
(15) Death, retirement, etc. 
Analyzing Labor Turnover. A complete record of labor turnover for 
the plant should be kept in such a manner that it is possible to analyze 
the causes of labor turnover by departments. In some plants, a record 
of the turnover by departments is kept, but the causes of the turnover 
are not separated. While this may indicate those departments in which 
personnel conditions are poor, it is inadequate in that it gives no indi- 
cation of the proper remedy. The detail in which the causes of turn- 
over should be recorded probably will vary with each plant. Fig. 119 
shows a Jabor-turnover record. 

From the labor-turnover record, a report should be drawn off 
monthly showing the per cent of turnover in each department and the 
per cent due to each important cause. 

Obtaining the Turnover Data. Unless there is some organized routine, 
jt may be difficult to get complete turnover data. In some plants the 
employee may quit, get his money, and leave the plant before the per- 
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sonnel department is aware of it. Some means should be taken to 
compel each employee who quits to pass through the employment office. 
One way is to require that no employee can be paid off finally until 
he has received a release slip from the personnel department. The 
employee comes to the employment office with a termination notice 
meade out by his foreman. The cause of the separation is stated on the 
notice by the foreman. The employment manager then has an oppor- 
tunity to quiz the employee and to get his version of why he is quitting. 
In many cases a disagreement between the man and his foreman can 
be adjusted or he can be transferred to another department, thus saving 
part of the cost of turnover. If the employee cannot be retained, a 
release slip is made out in duplicate. The original is taken by the man 
to the cashier. It states the man’s name 4nd number, his reasons for 
quitting, whether he has turned in all company property for which he 
is responsible, and any other necessary information. It is forwarded 
by the cashier to the payroll department and 1s the authority for remov- 
ing the man’s name from the payroll. The duplicate is retained by the 
employment office and is the basis for the entries in the labor-turnover 
record. Much of the information recorded in the turnover record, 
such as nationality, sex, dependents, education, etc., can be taken directly 
from the employee's lustory card. 

The Labor Audit. The labor audit is intended to give a thorough 
check on the soundness of the personnel methods in use in the plant. 
It is a searching study of the whole personnel problem with a view to 
developing a broad, fundamental perspective in its solution. ‘Tead 
and Metcalf define the labor audit as “a reasonable, exhaustive, and 
systematic statement and analysis of the facts and forces in an indus- 
trial organization which affect the relations between employees and 
the management, and between employees and their work; followed 
by recommendations as to ways of making the organization more 
socially and humanly solvent.” This definition suggests the consid- 
eration of many problems which are not strictly within the field of 
management. In so far as the social problems of industry are accepted 
in current management practice as management problems, the defin1- 
tion is substantially correct. 

The labor audit, if properly carried out, should serve a number of 
functions and a variety of purposes. If the technique has been prop- 
erly worked out, it should provide a standard method for the diagnosis 
of an organization's labor relations. Such a standard is desirable for 
the reason that conditions in industry are constantly changing, and a 
periodic check of the effects of such changes on labor relations is neces- 
sary. Where a personnel system already is in operation, the labor audit 
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gives a desirable check on the effectiveness of the personnel organiza- 
tion. Jn this connection, the report tends to stimulate action and to 
furnish the personnel manager with basic information with which to 
guide such action. It assists him in formulating a long-range personnel 
program, based on policies which are fundamentally sound. 

One of the fundamental functions of the labor audit is to educate 
the organization with regard to what should be done, as well as to 
indicate the efficiency with which present methods are operating. In 
many cases it will be discovered that important personnel functions are 
largely undeveloped, for the reason that the management has not 
realized that they are necessary. The labor audit should point out such 
needs and sell the management on the advisability of their development. 
The audit has another educational phase in that the report may be 
used to familiarize new executives with the company's labor policies 
and methods. 

Tead and Metcalf state that there are at least four essential pre- 
requisites to a successful labor audit. These are: 

(1) A readiness on the part of the management, and preferably the workers 
also, to put all relevant facts and records at the disposal of the investigator. 

(2) A properly qualified investiyator. 

(3) A method of conducting the audit and reaching all sources of information. 

(4) A standard, exhaustive, and logically ordered check list of items.! 

The labor-audit check list is a standardized list of factors affecting 
personnel work and labor relations which should be considered in 
making the audit. A discussion of the technique of making a labor 
audit is beyond the scope of this book. Such discussions can be found 
in texts on personnel management.’ 


1A detailed discussion is given in Personnel Administration, by Tead and Metcalf, 
Chapters XX and XXI. 


CHAPTER XXVIII 
OFFICE MANAGEMENT 


The Development of the Field. Office management is one of the most 
recent phases of management to be recognized as a distinct field in 
itself. It is probably true that in a great majority of concerns today 
the office function is treated as a necessary evil, and the least possible 
time and thought is spent on it. Yet clerical hire is one of the major 
items in the nation’s bill for wages and salaries. It is generally recog- 
nized that in the average concern there is a great amount of inefficiency 
in the conduct of office work. Despite this fact, it is only within the 
last fifteen or twenty years that any great amount of thought has heen 
given to the development of this field. Even today there are only a 
very few consultants of ability operating in it. To a large extent 
the technique of office management is still to be developed. 

One explanation of this condition is the intangible nature of the 
work which must be brought under control. In general, the work is 
such that it is difficult to establish objective measures of it. Without 
such objective measures it is difficult to compare the productivity of 
clerical workers or of clerical methods. It is only within compara- 
tively recent years that anything approaching a scientific study of the 
problem has been made. 

Another factor which probably has retarded the development of 
the field is the all-pervasive character of clerical work. There is hardly 
a phase of manufacturing which does not require some clerical work. 
An entirely clerical routine may lead through a number of departments, 
which are units in different organizations within the company. Usu- 
ally, 1t 1s beyond the power of any one department head to study the 
routine for the purpose of eliminating inefficiencies which may have 
crept in over a period of years. In the first place, probably he cannot 
take the necessary time from his operating duties. In the second place, 
probably he would be met with the opposition, and perhaps jealousy, 
of the other department heads, who would resent what they would be 
likely to consider as his unwarranted interference with their functions. 
To develop and standardize office practice properly, the work should 
be placed under the supervision of an executive who has had some con- 
siderable training in the field and who can devote the major portion 
of his time to it. But the fact that clerical inefficiency usually is not 
apparent, and the pervasive character of clerical work, have prevented 

398 


OFFICE MANAGEMENT 399 


the appearance of such a specialized executive until recent years. To- 
day such executives are to be found in a great many of the larger and 
more progressive industrial organizations. 

Probably the detailed nature of office management can be given as 

a third reason why the field has not developed more rapidly. Toa 
great extent it 1s concerned with the picking up and straightening out 
of loose ends in management routines. To most executives, the indi- 
vidual problems seem too insignificant to be worthy of their major 
thought. Undoubtedly, this is a reason why more executives having 
an analytical type of mind have not turned their attention to it. Cer- 
tainly it is a reason why office-management problems have reccived too 
little attention in the average organization. Yet these same detail 
problems, if improperly handled, can cause large losses, due to the 
fact that serious interferences to the whole routine of management 
will result. 
The Office Manager. In an increasing number of concerns, the func- 
tion of office management is being recognized. In these concerns, an 
executive, the office manager, usually is appointed to administer it. 
}lis duties are to act as a coordinator between departments in the devel- 
opment of office routine, to develop and standardize office practice 
throughout the organization, supervise the training of office workers, 
and direct the activities of such clerical departments as may be assigned 
to his supervision. The departments which usually are placed in the 
office manager's organization are the messenger service, filing depart- 
ments, stenographic service, telephone service, and various other office 
service departments. 

In too many instances, the office manager is merely a good chief 
clerk, to whom the title has been appended. The unsoundness of such 
a policy is apparent with a moment’s thought. His job requires some- 
thing more than mere clerical skill and accuracy. It requires more 
than ordinary analytical and investigative ability because of the intan- 
gible nature of the clerical product. It requires some experience with 
the technique of developing office practice because already some such 
technique has been developed in this field which is peculiar to it. While 
it cannot be said that at the present time office management is a pro- 
fession, the trend is distinctly in that direction. The office manager 
should have tact, personality, and sales ability because his work may 
lead him to an investigation of clerical activities which are directly 
under the supervision of other executives. Unless he has these attri- 
butes, it is unlikely that he will be able to bring about those changes 
which he feels are necessary. While this is not a complete inventory 
of the office manager's equipment, it is sufficient to make clear why 
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it may be most unsatisfactory to promote a high-grade clerk to the 
rank of office manager, and expect developments. 

It is difficult to locate the office manager in the organization accu- 
rately, because of the newness of the position. When the secretary 
of the company is actually an operating executive, a logical position 
for the office manager is under the secretary’s supervision. Such a 
position only involves a natural extension of the secretary's function. 
U'nder such conditions, the office manager’s organization might be 
similar to that shown in Fig. 121. 
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In some concerns, the secretary 1s merely a large stockholder whose 
actual participation in the operation of the company is relatively slight. 
Under such conditions, the above organization would not he satisfac- 
tory. Quite often the office manager is under the supervision of the 
treasurer or the comptroller, because of the large amount of clerical 
work involved in the performance of the financial and accounting 
functions. 

The work of some of the office manager’s department will be con- 
sidered in order to make the scope of his function more clear. 
Messenger Service. In a large organization a number of messengers 
may be employed in distributing mail, carrying special communications 
between various units of the organization, acting as guides for visitors, 
and in numerous other ways. The efficiency of the organization de- 
pends to a large extent on the smoothness and efficiency of intercom- 
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munication within the organization. In this respect alone, the messen- 
ger service 1s an important factor. 

The usual sources of supply for messengers are casual applications, 
high schools, superannuated employees, and college apprentices. Casual 
applicants are only fairly satisfactory. A great many boys who 
apply for messenger work have left school because of laziness or because 
they are not mentally capable of advancing farther in school. They 
may be decidedly irresponsible. On the other hand, applications often 
are received from boys who are bright and industrious, who have been 
forced to leave school for financial or other reasons. For some types 
of messenger work, it may be possible to employ high-school students 
on a part-time basis. Where this can be done, it is possible to get a 
high grade of messenger boy. Some concerns employ superannuated 
employees as messengers. These employees have outlived their useful- 
ness on their regular jobs. Yet, the company does not wish to dis- 
charge them, because of their good records, length of service, or for 
other reasons. However, they are not desirable for messenger work. 
In their case, messenger work may mean demotion to one of the lowest 
positions in the organization and loss of status in the eyes of their 
fellow employees. They do not bring any great enthusiasm or energy 
to their job. Because of their age, they tend to slow up the whole 
messenger service. If handled properly, the college apprentice can 
be used in the messenger service satisfactorily. Many concerns which 
wish to develop college graduates in their organization insist that thev 
start in one of two places, depending on the line of promotion in which 
they are interested, cither in the shop apprentice school or in the mes- 
senger service. The latter organization offers a particularly good start- 
ing-point for training in office functions, for the reasons that the ap- 
prentice becomes familiar with all of the units of the organization. 
Hie meets and comes to the attention of the executives in the various 
departments. In a general way he becomes familiar with the work 
being carried on by the various departments. Furthermore, if the ap- 
prentice has the stamina to swallow his pride and stay with the job until 
he is promoted from it, he has passed a good test of his ability, far- 
sightedness, and ability to stick with a job. The nature of the mes- 
senger problem will determine which of these sources of supply shall 
be used. It may be necessary to use all of them to some extent. 

It is a requirement of the messenger service that it be so organized 
that the executive can at all times get prompt and satisfactory service. 
A necessary step in the development of the messenger organization 
is the grading of messengers according to their experience and ability. 
They may be graded as “A,” “B,” and “C” messengers. The “A” 
messengers handle the messenger work of the executives. The “B” 
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and “C’’ messengers handle the routine work. Promotion within the 
messenger service obviously is from the lower grades to the “A” 
grade. As the messenger is promoted in grade, he should receive a 
substantial promotion in his wage rate. “A” messengers should be 
graduated into the regular clerical service if they have the necessary 
education and ability. Unless some such grading and promotion 
scheme is worked out, the incentive to apply themselves diligently to 
their work and to stay with the organization is lacking. Only those 
in the lowest level of intelligence and ambition will stay with the mes- 
senger service for any great length of time. In the case of college 
apprentices, the promotion through the various messenger grades must 
be made as quickly as possible. Otherwise the apprentice will lose 
interest in a type of work which is far beneath his intelligence, will 
become discouraged and quit. 

Another problem is the control of messenger work. In the case 

of routine messenger work, it 1s customary to establish general deliv- 
ery routes covering the whole organization or a number of depart- 
ments. Mail, packages, routine interdepartmental communications, are 
left at various distributing points on the general route. Sub-routes, 
covering one or two departments, start from each delivery point. The 
messenger on a given sub-route takes the mail which has been left at 
his delivery point for the departments in his sub-route, and delivers 
it to the clerks in these departments, at their desks, after sorting it 
properly. In order to control the performance of the messengers, 
they are sometimes required to time-stamp cards at various points 
on their routes. These delivery times can be checked with a master 
schedule of deliveries. 
Mail Service. Even the handling of mail presents a problem in the 
large organization. An organized mail service conserves the time of 
the executives and insures greater efficiency in the handling of corre- 
spondence. The problem can be divided into two principal phases, 
the handling of in-coming and out-going mail. 

In-coming mail is first sorted into obvious groups such as the pack- 
age group, first-class mail, second-class mail, special-delivery letters, 
registered letters, etc. The last two groups are handled at once because 
of their greater probable importance. After these, the first-class mail 
is opened and sorted. Advertising matter goes into one pile, letters 
with checks into another, etc. Letters and inclosures must be pinned 
together. Letters with checks should be forwarded to the cashier. 
The receipt of the check 1s recorded and the letter is forwarded to the 
proper executive for acknowledgment. Letters referring to previous 
correspondence should be forwarded to the files where it is attached. 
All in-coming mail should be stamped with the date and time of arrival 
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as a check against complaints from customers or others, the efficiency 
of the mail service, and our correspondents. Where there is consider- 
able routine correspondence it may be advisable to number the letters 
of each correspondent with a number stamp. A record of these nuin- 
bers by correspondents is kept. When the stenographer types the 
replies to the letters, she places the mail number, as well as the file 
number, on the letter. A copy of the number record is given to the 
chief file clerk. As the carbon copies of the letters come to the files, 
they are checked off on the record. By the end of the day, all letters 
should have been acknowledged. At the end of the day the file copy 
of the number record can be turned over to the person responsible for 
the handling of correspondence who can check into the causes of 
unanswered letters. In addition, the mail must be sorted according to 
the routes on which it is delivered. All first-class mail should be on 
the executives’ desks before their arrival in the morning. After the 
first-class mail has been attended to, the second-class mail and the 
other groups are handled. 

The out-going mail is collected by the regular messenger service. 
It is put through whatever routine may be necessary, sorted and bagged 
according to kind. 

It is evident that in the large organization even such problems 

as the handling of mail, which are apparently simple matters, may 
require methods which cannot be worked out by the average clerk to 
the best advantage. 
The Files. The filing of papers and records relating to the conduct of 
the business is an important problem of the office manager. Misfiling 
means the possible loss of valuable information, the waste of execu- 
tives’ valuable time, the loss of customers’ good will, and irritating 
and costly delays in the routine of management. 

The office manager must decide whether centralized or decentralized 
filing shall be the basis of his filing methods. Centralized filing has 
the advantage of greater uniformity throughout the organization. It 
is more probable that the best methods of filing, as worked out by 
the office manager to meet the particular needs of the company, will 
be carried out because of the better opportunity for supervision. It 1s 
easier to transfer file clerks between filing sections which in itself makes 
for better filing service. On the other hand, decentralized filing collects 
the information which is chiefly of value to a given department at the 
most convenient point. In the case of highly centralized or highly 
technical departments, such as the engineering department, this may 
be a distinct advantage. 

In addition, the proper method or methods of filing must be 
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selected. It may be necessary to use different methods in connection 
with different kinds of work and in different units of the organization. 
The more common methods of filing are alphabetical, numerical, mne- 
monic, geographical, chronological, and subject. With the alphabeti- 
cal method, the material is filed according to the letter in the subject 
which is most significant of its meaning. For instance, correspondence 
may be filed according to the first letter in the name of the firm or 
according to the first letter in the subject to which it refers. Often 
there are a number of choices as to the letter under which the material 
may be filed, with corresponding chances of misfiling. Accordingly, 
it may be necessary to cross-file by means of standard cross-filing 
forms, on which the name and subject of the material appear, placed 
in the various alphabetical filing pockets in which the file clerk might 
look for the material. For various reasons, this method of filing 1s 
relatively slow. Nevertheless, it is probably the most common method 
in use in industry. 

The numerical method is a development from the alphabetical 
method which is designed to get greater speed and accuracy in filing. 
The basis of the method is the assignment of a definite filing account 
number to each name or subject under which material 1s to be filed. 
Base numbers are assigned to each letter of the alphabet. For instance, 
the base numbers for names or subjects beginning with B might range 
from 15 to 20. The base number for those beginning with Br, might 
be 18. The correspondence account number for Brown & Company 
might be 1856. Under this system, the clerks who open the in-coming 
mail, the stenographic section, and each file section should have a 
visible index of correspondence symbols. When a letter from Brown 
& Company is received in the mail department, the mail clerk writes 
their correspondence account number on the letter. When it is 
answered, the stenographer types the account number on the bottom 
of the reply. Because of the numerical sequence, greater speed and 
accuracy in filing is obtained. While the amount of cross-filing is 
reduced, it 1s not entirely eliminated. 

The mnemonic method depends on the development of a system of 
symbols which will naturally classify the material according to its 
name or subject, and which will suggest the classification by the con- 
struction of the symbol. The word mnemonic means “memory aid- 
mg.’ A discussion of the construction of mnemonic symbols is given 
on page 268 in connection with the development of material symbols. 
This method is not readily adapted to the filing of correspondence. 

The basis of the geographical method is the filing of correspond- 
ence according to the geographical lucation of its origin. This method 
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has been found convenient, in some instances, in connection with the 
filing of customer correspondence and customer and sales data in the 
sales department. Obviously, its possibilities are limited. 

The most common example of the chronological file is the “tickler’’ 
file. The filing subdivisions are arranged according to time, as the 
days of the week and the months of the year. An executive wishes 
to review certain material on June 26th. He places the material in 
his outgoing-mail basket with a memorandum to that effect. When 
the material is received in filing section, it is placed in the “tickler”’ file 
in back of the guide for June 26th. Fach day the material in back 
of the guide for that day is taken out and forwarded to the proper 
executives. The guide is placed at the back of the file. When 
June 26th arrives, the executive will receive his material automatically. 
The chance that he will forget the matter is reduced to a minimum. 

In subject-filing, as the name indicates, the material is filed accord- 
ing to its subject matter. The subjects may be arranged in the files 
alphabetically or according to some mnemonic system. This type of 
filing is advantageous when the general subject of the correspondence 
is important rather than the writer. An example of this is the engi- 
neering departments files in which correspondence and data relating 
to some particular project of engineering design or development are 
filed according to the name of the project. 

Even the selection of the type of files offers opportunity for the 
exercise of judgment. There are vertical files in stecl or wood com- 
monly used for filing correspondence and data of various kinds, card 
files for filing cards of various kinds and sizes, to which data have 
been transferred. Tub desks, used in many cost departments for the 
filing of cost cards, are a modern development of the card file. There 
are a large number of types and styles of book type files. The more 
common are the bound book, the loose-leaf book, and the visible index. 

The files should be directly under the supervision of a chief file 

clerk, who checks and supervises the work of filing. 
The Stenographic Service. In the well-organized stenographic service 
it is often found desirable to grade the employees on the basis of 
their ability. In general there are three grades—typists, stenographers, 
and secretaries. The typist can only operate a typewriter. She 1s 
available for copying, filling out records, etc. The stenographer is 
able to take dictation as well as operate a typewriter. In addition, the 
secretary is able to relieve the executive of many of the details of his 
job by reason of her greater experience, ability, and initiative. Very 
often the job of secretary leads to promotion into the executive ranks, 
particularly in the case of competent male secretaries, 
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In the stenographic section also there is the problem of the cen- 
tralized versus the decentralized section. Whenever possible, it is 
better practice to centralize the stenographic section. It is then possible 
to make a more efficient disposition of the stenographic forces. When 
a girl finishes the work to which she is normally assigned, she can be 
given any other work which may have come into the stenographic 
room. She is not waiting until more work from a particular source is 
given to her. Because of the possibility of better supervision and 
more efficient disposition, the organization is given better stenographic 
service. The quality of the work is likely to be higher for the reason 
that the best standards of work can be determined and uniformly 
enforced. It is probable that more work will be obtained from the 
stenographers because the centralized section offers greater possibili- 
ties of measuring the production of each stenographer and typist, and 
of adjusting salaries in accordance with ability to produce. 

In highly specialized departments, the decentralized section may 

have the advantage that the stenographers become more efficient 
through greater familiarity with the technical requirements of the work. 
Furthermore, in very large offices, covering a large amount of floor 
space, the centralized section may not he satisfactory because of the 
distances separating the different units of the organization. 
Office Service. The work of office service is an excellent example of 
the type of work which seems relatively unimportant in itself and 
which is extremely important in relation to the smooth operation of 
the office organization. 

The work may be divided into two phases—office standards and 
desk service. Space limitations make it impossible to give anything 
approaching a complete discussion of these phases for the reason that 
they include too many details. It must be sufficient to say that office 
standards include the standardization of office supplies, equipment, and 
practice. Without such standards we cannot hope to have economy 
of office operation. Desk service has to do with the replenishment of 
desk supplies and the control of office supplies. When the office worker 
runs out of paper, pencils, clips, or other supplies necessary to the work 
which he 1s doing, an interference to clerical production has occurred, 
inasmuch as the clerk must either borrow from a neighbor or leave 
his desk to get a new supply. Such losses of time, insignificant in 
themselves, are constantly occurring in the average clerical organiza- 
tion, and in the aggregate amount to considerable. 

Office Layout. The proper arrangement of office workers and equip- 
ment is important to efficient clerical production as the arrangement 
of men and equipment is to production in the shop. The arrangement 
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and standardization of conditions under which clerical work is done is 
an important phase of the office manager’s job. He must deal with 
such problems as the proper location of desks with regard to natural 
lighting, proper artificial lighting, the arrangement of desks and the 
location of desk phones, the location of offices, and similar problems. 

Departments and clerical units should be so located that the various 
papers are handled smoothly and quickly, with the least possible moving. 
Noisy departments must be segregated. The offices of executives com- 
ing in contact with the public must be located near the public entrances. 
These and many other problems of office Jayout affect clerical pro- 
duction. 
The Selection of Office Equipment. During a period which has not 
been much longer than the average business lifetime, there has been a 
remarkable development in office equipment. ‘Today, there is a variety 
of equipment for performing a wide range of office operations, with 
varying degrees of automaticity, which formerly were performed en- 
tirely by hand. The modern office manager must be familiar with 
the possibilities of many styles and types of adding machines, com- 
puting devices, typewriters, book-keeping machines, tabulating ma- 
chines, filing equipment, office furniture, and many other items too 
numerous to be listed. While the development of office machinery has 
increased clerical production, it has added to the complexity of the 
office manager's function. Probably it is a factor which has tended 
to specialize the work of office management. 
Standards of Performance. A relatively new and increasingly impor- 
tant phase of the office manager's work is the development of standards 
of office performance. When such standards are developed for the 
majority of the work of any given clerical unit, the work can be 
planned and scheduled, operatives can be paid in proportion to their 
production, and various modifications of the practices which have 
given to the modern production organization its remarkable efficiency 
can be introduced. As yet, standards have been developed only for 
such routine clerical work which is handled in volume. Typing, filing, 
and duplicating are examples. The fact that some concerns are experi- 
menting with time study and micro-motion study in connection with 
the development of office production standards is a significant indicator 
of the trend of office-management practice. 
The Growing Importance of Office Management. [Jecause clerical 
and administrative expense is such an important item, particularly in 
the larger concerns, it is probable that the function of office manage- 
ment will continue to grow in importance as its possibilities become 
more generally realized by operating executives. 

The office problems which have been discussed briefly give only 
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a passing glimpse of the field of office management. They are intended 
only to bring out the point that while office management deals with 
details, individually of minor importance, their proper handling is 
vitally important to the smoothness with which the routine of man- 
agement is operated. 


CHAPTER XXIX 
COST CONTROL 


The Functions of Cost Control. Industrial cost accounting has to do 
with the collection or determination of the various items of direct and 
indirect expense incurred in manufacturing, the proper distribution 
of these to the various items of product, and the determination of 
the manner in which the expense items vary, to the end that the results 
of manufacturing activities may be gauged more intelligently and as 
a result may guide future activities to the best advantage. Industrial 
costs supply information which is essential to the proper financial con- 
trol of the company's activities, and furnish a measure of the oper- 
ating effectiveness of the organization. 

If the cost system is to be of value in making intelligent executive 
decisions, it must be so organized and operated that cost reports are 
rendered promptly after the completion of given manufacturing 
activities. These activities may be related to a specific order or a 
manufacturing period, depending on the nature of the product and 
the conditions and methods of manufacturing. Currency of informa- 
tion is an important requirement for a good cost system. Furthermore, 
cost reports should be comparable not only with previous periods, but 
also with definite standards of performance. Otherwise, it is difficult 
to determine whether the reported costs of different items of product 
are reasonable. Costs should be reported in sufficient detail to enable 
the executive to determine the cause and the responsibility for varia- 
tions from the standards or comparable reports for previous periods. 

In a great many lines, accurate estimates of the cost of production 
by items of product are valuable aids in determining the probable finan- 
cial requirements for coming periods, and in determining reasonable 
selling prices with regard to the trend of markets and the prices of 
competitors. While the cost department may not make such estimates 
in all cases, the cost system should be able to furnish information on 
which they can be based. 

Often it is not sufficient to know that costs are higher than they 
should be and that the increases occurred in certain departments. The 
executive must know the cause of the increase if he is to prevent a 
recurrence of it. It is a function of cost control to furnish, through 
its detailed cost reports, adequate information regarding such causes. 

Finally, it must be able to furnish any other statistical information 
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relating to expense and costs which may be necessary to the proper 
conduct of operations. 

The Advantages of Cost Control. In many lines, the manufactur- 
ing processes are exceedingly complex. ‘The mechanism for the con- 
trol of operations is correspondingly complex in any except very small 
plants or those in which the manufacturing processes are few or simple. 
The items which enter into the costs of the different products are 
many and varied. Often it is difficult to determine their proper distri- 
bution over these products. Without a good cost system it may almost 
be impossible. 

It is not unusual to find, in a plant that has been using poor cost 
methods, that, although the company has been making money, it has 
been doing so because certain products have returned more than an 
ordinary profit. Other products which apparently have been returning 
a profit, actually have been sold at a loss. The cost reports have pre- 
sented an erroneous picture of the situation. With competition as 
keen as it is in industry, obviously this is a dangerous condition. 

As a result of this keen competition, many concerns are finding 
it not only advisable, but necessary, to forecast accurately the results 
of their manufacturing activities, and to check the effectiveness of 
these activities as they progress. It is difficult to do this without the 
aid of a well-organized cost system. 

It hardly seems necessary to justify a good cost system as an essen- 
tial tool of management. Yet a great many concerns continue to use 
cost methods which are antiquated. In some instances it may be due 
to the fact that the head of the organization has developed the business 
from small beginnings, The business has outgrown the cost methods 
without this condition being realized. It may be that the chief execu- 
tive prides himself on being a “practical” shop man, and views all 
“paper work” with the tolerant contempt that is common in such cases. 
Unless an expense can be shown to have a fairly direct connection 
with production, it is regarded as nonproductive and something to be 
avoided. In other instances, he may be progressive, but, having little 
or no knowledge of cost accounting, does not appreciate the advan- 
tages of a good cost system. Possibly he feels that costs are merely 
records of what has been done, expressed in terms of monetary rather 
than physical units, that they cannot give him appreciable aid in the 
management of the plant beyond that which is already given to him 
by his production records. Unfortunately, this criticism is true in 
too many cases because the cost systems have not been developed 
properly to meet the needs of the business. 

The Nature of Product Costs. The finished product must bear those 
expenses which are incurred as a direct result of its manufacture, and 
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in addition, its proportionate share of those expenses which are neces- 
sary to the conduct of manufacturing operations, but which cannot be 
charged directly against a specific production order. The latter are usu- 
ally termed burden, overhead, or indirect expenses. ‘To illustrate, taxes 
are a part of the general cost of doing business. They are not 
caused by any particular lot of product which may be traveling through 
the works. Nevertheless, a proportionate charge for taxes must be 
included in the cost of the product if the company is to be properly 
reimbursed by the public for the expenses which have been incurred in 
rendering the service of producing the goods which it demands. 

The total cost of the product usually is broken down into its ele- 
ments, which correspond roughly to the general divisions of manu- 
facturing activity. These elements are direct material, direct labor, 
and burden. The direct material charges include the costs of those 
materials which enter directly into the manufacture of the product 
and which can be charged to a specific production order. Similarly, the 
direct labor charges include the costs of all labor which is applied 
directly to the manufacture of the product and which can be charged 
to a specific production order. The burden is the proportionate share 
of the indirect expense of manufacturing to which reference has been 
made previously. The sum of the direct labor and direct material 
costs is called the prime cost of the product. 

In most instances, the burden is further broken down to permit 
the collection and classification of indirect expenses according to the 
major divisions of the organization. Usually the general classifications 
of indirect expenses are factory expense, administrative expense, and 
selling expense. These classifications may be broken down further 
in as great detail as may be necessary. 

It follows that the cost of an article 1s made up as follows: 

(Direct material) + (Direct labor) = Prime cost. 
(Prime cost) + (Factory expense) = Factory cost. 
(Factory cost) + (Administrative exp.) = Cost to manufacture. 


(Cost to manufacture) + (Selling exp.) = Cost to sell or total cost. 
(Cost to sell) + (Profit) = Selling price. 


The “‘cost to sell’ is the proper basis from which to determine what 
the selling price should be. However, the cost must be reasonable as 
determined by competitive and other business conditions. We cannot 
expect the public to reimburse the company for that portion of the ex- 
pense of manufacturing and selling which is due to the inefficiency of 
nianagenient. 

Classes of Costs. There are two types of costs, historical and prospec- 
tive. Historical or collected costs show what has been the expense, 
direct and indirect, of manufacturing definite quantities of each kind 
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of product. They are collected by means of reports furnished to the 
cost department as the product passes through the various stages in 
its manufacture. These reports are of various kinds, depending on 
the nature of the expenditures that are being reported. The cost of 
the product is not known until manufacturing has been completed. 
Comparison with previous costs of the product may tell us whether the 
cost of a given quantity of product is reasonable, but this information 
is not available until it is too late to take any action to hold the cost 
within reasonable limits. However, it should indicate what should 
be done to prevent high costs in the future. 

Prospective costs show, 1n advance of manufacturing, what the 
cost of the product should be. Obviously they cannot be determined 
on the basis of actually reported expenditures, but rather on cost stand- 
ards based on past results or scientific analyses. They permit the 
anticipation of manufacturing expenditures, and the checking of these 
expenditures as manufacturing proceeds. They furnish a more satis- 
factory basis for comparison with collected costs, inasmuch as_ the 
costs of previous orders may have been collected under conditions 
which differ materially from present conditions, Prospective costs are 
more truly a standard of accomplishment. 

Historical costs will be considered first. It should he remembered 
that the basic cost elements, which have been previously noted, are 
common to both historical and prospective costs, although the methods 
of determining their values differ greatly. 

Direct Material Charges. Two types of material expenditures enter 
into the cost of the product—expenditures for direct and indirect mate- 
rials, Direct materials are those which enter directly into the manu- 
facture of the product and which can be identified definitely with the 
production of a specific quantity. Many materials may enter directly 
into the manufacture of the product, but it would be impossible or 
impractical to charge some of them directly to a specific production 
order number. The gas that is burned in a furnace for heat treating 
steel enters directly into the manufacture of the product. However, 
a number of pieces, which are being manufactured on different orders, 
may be heated in the furnace at the same time. Furthermore, a cer- 
tain amount of gas must be burned in order to bring the furnace up 
to the correct temperature. Tor these and other reasons, it is im- 
possible to charge the gas directly to the order number of the pieces 
that are heated. Ina great many instances the direct materials become 
a part of the finished product, either in their original form or other- 
wise. A certain piece is to be manufactured from machine steel. The 
required number of feet of steel stock can be determined definitely, 
withdrawn from steel stores, and charged to the order number for 
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the piece. However, the above condition is not an exact criterion 
hecause sometimes materials may not become a part of the product 
and yet may be treated as direct materials. During the war, when 
cartridges were being manufactured in large quantities, one concern 
cndeavored to charge the punches used in drawing the brass cartridge 
cases directly to the order on which they were used. In this case tools 
were being treated as direct materials. In general, it is desirable, in 
so far as it is practicable, to charge the material used in producing a 
given quantity of product to the order for that quantity. Similarly, 
if a given material can be classed as direct material, it is desirable to 
do so. Tlowever, it should not be carried to extremes that will result 
in unduly complicating the cost methods, making the increased ex- 
pense of operating the cost department greater than any savings which 
can be made through a closer control of costs. The law of diminishing 
returns applies to refinements in management methods as well as to 
other forms of economic activity. Nevertheless, there is a real ad- 
vantage in charging as much material directly to a specific order as 1s 
practicable, inasmuch as it aids in establishing a closer control over the 
use of materials. 

Unfortunately, it is not possible to clarify the question of what is 
and what is not direct material by presenting a classification of ma- 
terials, because such a classification is different in every plant. The 
difference might be due to differing production and accounting 
methods, or it might be due to differences in the products. Further- 
more, what is finished product in one plant may be direct material in 
the next. The high-speed steel of the steel manufacturer is the raw 
material of the tool manufacturer. 

The cost problems in plants in the same industry may be similar 
in their general aspects, but it is not probable that they will be exactly 
alike, due to individual differences in methods. ‘Therefore one cannot 
expect to find a standard method for collecting direct material costs. 
In the majority of well-managed plants, a manufacturing order is 
issued when it is desired to manufacture a given quantity of a product. 
This order, which gives the production organization the authority to 
fabricate the quantity, usually is issued on the authority of a manu- 
facturing program, a manufacturing requisition originating from the 
balance-of-stores hooks, or a specific sales order. Under the authority 
of the manufacturing order, various production orders and sub-orders 
may be issued authorizing the manufacture of the component parts 
which make up the product, and the operations which must be per- 
formed on these components. The exact method of authorizing the 
various production activities will depend on the nature of the produc- 
tion problems and the production organization and methods. If there 


MoDEL Part 


Ep ESE RE TOR IOS = 

»~ QUANT! ROER SIGNED 1 CARRE -CABR NO. 
Dat i QUANTITY DIRECT LABOR j BURDEN TOTAL Cost 
aA 


i stanTeD smn cost SEK | toDaTE 


HOURS | see oa PIECE WORK| Mourns __ AMOUNT 
Saetleer i =s=e 
i eee eee === — 


‘eens | —+—} 

~ Hf me 

= FHEEe =i=s = are 
es ae 























eee 2 


aan Bee 
: —| 
ae Sone see | ane peneel | 
ers ee ee | | 
f tH] ae | 


== 
= | 2 See ee see 
= SE Soa 


Zoray peal ate SEs ea AEE 


4183 Teal] 104F | 


FIG. 122 
A Cost Carp—Front 

























UJ 
care |. QUANTITY | toot | 2 DIRECT LABOR BURDEN | |___ TOTAL TAL COST 
—_———— cosT | ee er | | an PS | - 
ae "stan : = eee ilps ney ptol tab sahal Piudid PIECE WORK MOURS AMOUNT wax | 0 DA 
“Canuao I ee ed = T a as es a, 
OvER ies | 
— —— OTS at —_— o o eenen tee oe 
| 


= =] 


| "a 
| 
| 





TOTAL H 


| | 
THE 
TE 
it 
, 








he 
cosr_ |! 
Par seo |! 
Lasy 
mosr 
PER 100 | 
avenacg 
cost | 
PER 100 


FIG. 123 
A Cost Carp—Bacxk 


COST CONTROL 415 


is a planning department, it will write the necessary production papers 
and forward them to the shop in accordance with its production 
schedule. A copy of the manufacturing order, or what corresponds to 
it, is forwarded to the cost department and is its notice to make out a 
cost sheet for the order. Figs. 122 and 123 illustrate a cost card. 
Among the production papers which must be made out are requisi- 
tions authorizing the withdrawal from stores of the material for the 
order. If there is no planning department, these requisitions usually 
are made out by the foreman of the department in which the work 
starts. The material name, symbol, and description, and the order 
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number to which it 1s to be charged, are entered on the requisition. 
Before the starting operation begins, the requisition is sent to the 
storeroom and the material is delivered to the department. The requi- 
sition is forwarded by the storeroom to the balance-of-stores depart- 
ment, where the withdrawal of the material 1s entered on the stores 
ledgers.1 The requisition credits the stores account for the material 
with the value of the quantity that has been withdrawn, and charges 
the order number with a corresponding amount. In some cases the 
unit price of the material may be entered on the requisition from the 
stores ledger. In others, it may be entered in the cost department. 
The balance-of-stores department forwards the requisition to the cost 


1 See balance-of-store department, p. 249. 
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department. The total value of the materials withdrawn is then posted 
to the cost sheet for the order. As various other materials are with- 
drawn from stores for use in the manufacture of the order, their cost 
is collected similarly. Fig. 72 illustrates a material requisition. 

In some cases the material costs may be collected separately from 
the other costs of processing the order, either as a matter of conveni- 
ence or to gain better control of material charges. When the product 
is manufactured to order, the material cost is often collected on the 
bill of material for the order. In other cases, it 1s collected on a 
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FIG. 125 
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material-cost card similar to that shown in Figs. 124 and 125. On its 
completion, the total cost of the material issued for the order is trans- 
ferred to the cost card. 

Very often the total quantity to be manufactured is broken up 
into relatively small lots for convenience in controlling production. 
This would be particularly true when a standard product is being manu- 
factured in large quantities and a considerable length of time is re- 
quired for manufacturing. In such cases there would be deliveries 
of finished product to stores before the completion of the total quantity 
in the order. Just as a stores requisition is issued when material is 
withdrawn from stores, a stores credit is made out when material is 
returned to stores. In the case of finished product which is being put 
into stores, a special form of stores credit, that can be easily dis- 
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tinguished, is used. An example of one is shown in Fig. 126, Its 
function is to credit the order with the cost of the quantity delivered, 
and charge finished stores with a corresponding amount. These credit 
slips go to stores with the quantity delivered, are forwarded hy stores 
to the balance-of-stores department, where they are posted to the stores 
lelgers, and then are forwarded to the cost department. ITere they 
are posted to the material cost card. 

Inasmuch as the deliveries have been made before the completion of 
the order, they must be charged to stores at the unit price of the last 
order. The unit quantity on which costs are based may be any number 
which is convenient for cost and production control. It is unlikely that 
the cost of the present order will be exactly the same as that of the last 



































WORKED MATERIALS SYMBOL WORKED MATERIALS CREDIT TO 
2008 im 317 
NR a ee ee - 
PLEASE CREDIT THE FOLLOWING WORKED MATERIALS QUANTITY KIND OF UNIT 
RETURNED FROM = 7, 
Ont ONE tran ON mach crepir 
warren | APPROVED DATE UNIT PRICE TOTAL VALUE 





BY APPROVED 


NOTICE TO WRITER—USE ONLY SPACE BETWEEN HEAVY LINES 
LOCATION RECEIVED IN STORES | 










ADDED TO 


A 
ADDER TO BAL | EXTENDED 
TAG SY ov 


ee 
CHECKED 
GHEET BY ov 





OaTE oy 








| 








A\L EXCESS WonneD mar. | COST DIV 'CosT DIV | 
CwAls MUST BE RETURNED | 
TO THE STOREROOM ACCOM. 


FIG. 126 
A Stores Crenvit Sip 


order. Therefore there will be some discrepancy which must be ad- 
justed when the order is finally closed out. 

Indirect material includes that material which is necessary to the 
manufacture of the product, but which cannot be charged directly to 
it. It includes such materials as oil, waste, belt lacings, etc. It is 
part of the indirect expense of manufacturing and is distributed over 
the product by methods which will he discussed later. 

Direct Labor. As in the case of material, it is possible to distinguish 
between direct and indirect labor charges. Direct labor includes all 
labor that is applied directly to the product and that can be charged 
directly to a specific production order number. A mechanic is assigned 
the job of boring, turning, and facing a gear blank, on a lathe. The 
time when he starts and finishes the job can be noted, and the elapsed 
time charged directly to the order number on which the blank is being 
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made. However, it does not follow that because the labor is applied 
directly to the product, it can always be classed as direct labor. Using 
the heat-treating illustration again, when the teeth have been cut in 
the blank, the gear will be sent to the hardening room to be hardened. 
Probably it will be heated in a hardening furnace with a number of 
other pieces. It is impracticable to charge the time of the heat treater, 
that is used in hardening the gear, directly to its order number. Yet 
this labor is applied directly to the product. As in the case of materials, 
there is the difficulty that no universal classification of direct and in- 
direct labor can be made. The classification will be somewhat different 
in each plant, depending on the conditions and methods of manufac- 
turing. The only rule that can be Jaid down is that, whenever possible 
and practicable, labor should be charged directly against the product. 

In order to collect direct labor costs, the cost department must 
receive accurate reports of all labor time that can be charged directly 
against a given order. A common practice that is followed in a great 
many plants is to issue to the workman a ticket when he starts a new 
job. This ticket is variously called an operation ticket, time ticket, 
or work ticket, depending on the nomenclature in use in the particular 
plant. An example of such a ticket is shown in Fig. 40. The em- 
ployee’s name and number, the order number to which his time is to 
be charged, the kind and quantity of product, the operation number, 
and any other information necessary to the proper control of produc- 
tion and costs is entered on the ticket. The functions of the operation 
ticket are, to furnish: 

(1) An accurate report of all labor charged directly against the order. 

(2) Information to be used in checking the employee's cfficiency. 


(3) Information for payroll purposes. 
(4) Information for production control. 


When the operation ticket is issued by the shop clerk to the workman, 
the starting time is stamped on it. When the job has been completed, 
the workman returns the ticket to the shop office and the shop clerk 
stamps it with the finishing time. The difference between the starting 
and finishing times is the time which has been taken to complete the 
job, including any time which the workman has spent in setting up 
and adjusting his machine, getting his tools, and changing his operation 
tickets. The operation ticket is forwarded from the shop office to the 
factory office, where the above extension is made. The time actually 
taken may be compared with the standard time for the job and the 
employee's efficiency computed. If some system of wage payment in 
proportion to production is in operation, the employee’s bonus earnings, 
corresponding to his efficiency, may be determined and entered on the 
operation ticket. In a great many plants in which a piece-rate system 
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is used, it is only necessary to compute the piece-rate earnings and post 
them to the ticket. 

In large plants, a great many operation tickets are forwarded to the 
factory office periodically during the course of the day. These tickets 
are extended as previously described, and sorted by employees’ names. 
The total earnings of each employee for the day are posted to the 
payroll. These earnings may consist of daywork, piecework, or bonus 
earnings. 

It is common practice to require the employees to record their 
entrance and exit time on time-recording clocks, placed at the factory 
or department entrance. When the employees are on a straight day- 
work basis, this clock time is usually the basis of wage payment. 
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When piecework, or some other form of wage payment in proportion 
to production is used, it becomes necessary to use some device similar 
to the operation ticket illustrated in Fig. 40 to report piecework or 
bonus earnings. In some cases time-recording clocks are not used, and 
the operation tickets are the sole record of the employee's time and 
earnings. The total time recorded on the employee’s tickets for a 
given day should equal the standard time for the work period, unless 
the employee has been absent or tardy. 

The postings to the payroll constitute a credit to the employees. 
To keep the books in balance, there must be a corresponding charge 
against the orders on which their labor has been expended. To get 
this charge, the operation tickets are forwarded to the cost department, 
where they are sorted according to the charge symbols on them. The 
total labor charge against each symbol is posted to the cost card for 
that charge symbol. In some cases this “break-down” of the opera- 
tion tickets against the various charge symbols may be done in the 


420 FACTORY ORGANIZATION AND MANAGEMENT 


factory office rather than in the cost department, as a part of the work 
of compiling reports for the production organization. Where this 
practice is followed, the labor charges for the week against cach order 
may be summarized on a distribution card for that order similar to 
Fig. 127. These cards are forwarded to the cost department at the 
end of the week. The postings to the cost cards are made from the 
distribution cards rather than from the operation tickets. Reports 
of the labor distribution may be entered from the distribution cards 
on summary cards for the information of the production organization, 
if desirable. Fig. 128 shows a summary card of this kind. 
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FIG. 128 
A DistrisuTIOn SUMMARY CARD 


The direct material and direct labor charges now have been col- 

lected on the cost card for each order. The amount of indirect expense 
to be charged against each order must be determined before the costs 
are complete. 
Indirect Expense. Indirect expense includes all items of expense that 
are necessary to the conduct of manufacturing operations, but cannot 
be charged against any particular production order. It includes many 
items of an intangible nature, such as charges for depreciation of 
buildings and equipment, that at best cannot be charged off against the 
orders passing through the plant with any high degree of accuracy. 
For this reason, undue refinement of methods for collecting and dis- 
tributing indirect expense is to he avoided. | 

Indirect expense can be considered to he made up of indirect mate- 
nal charges, indirect labor charges, miscellaneous controllable expense, 
and fixed charges. To some extent it is within the power of the or- 
ganization to control the first three classes of expense items. They 
tend to fluctuate, in some degree. with fluctuations in the volume of 
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production. However, they increase or decrease in a lesser degrec 
than corresponding fluctuations in production. Fixed charges fluctuate 
very much less with fluctuations in production. Whether we manu- 
facture one piece or one hundred thousand, it will be necessary to pay 
about the same taxes on land, buildings, and equipment. ‘This classi- 
fication is intended to lay emphasis on the fact that indirect expense 
is not a necessary evil that is beyond the control of the organization. 
On the contrary, the fluctuations in controllable expense with fluctua- 
tions in production can be predetermined, within reasonable limits, in 
a great many cases. The organization should be held responsible for 
holding such expense within these limits. 

Indirect materials include those materials which are necessary to 
production, but which cannot be charged against any specific produc- 
tion order. ‘They include such items as belting, oil, waste, and similar 
items. The life of the belt which drives a machine is ordinarily much 
longer than the time required to process a lot of product. Although 
the belt is absolutely necessary to production, it is impracticable to 
charge off the life of the belt against the orders as they pass through 
the machine. To a large extent, the magnitude of the total indirect 
material charges 1s dependent on the economy with which the shop is 
operated. 

Indirect Jabor includes all labor that is necessary to production, but 
cannot be charged against a particular order number. It includes the 
Jahor of foremen, shop clerks, truckers, machine adjusters, and similar 
labor. Such labor should be considered to be productive, but indirectly 
applied to the product. The term, “nonproductive labor” is misleading. 
lf itis really nonproductive, it ought not to be on the payroll. In some 
plants, it is the practice to limit the indirect labor to a fixed per cent 
of the direct labor. Unless this policy is handled intelligently, 1t may 
do more harm than good. As long as the application of additional 
indirect labor produces savings, by facilitating production, that are 
greater than the cost of such labor, it is to be desired rather than ab- 
horred. The use of a fixed percentage to control indirect labor, there- 
fore, may prevent economies by preventing necessary expenditures for 
such labor. As in the case of indirect materials, the organization has 
some opportunity to control the expenditures for indirect labor. There- 
fore its effect on the cost of the product is dependent on the economy 
with which the shop is operated and the wisdom with which such 
labor is applied. 

As stated previously, the various items of indirect materials, in- 
direct labor, miscellaneous controllable and fixed expense, usually are 
collected and grouped according to the major divisions of the organt- 
zations. These in turn may be broken down into as many expense 
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accounts as may be necessary for the proper control of expense. For 
instance, under the head of factory expense, we shall undoubtedly have 
an account for factory office expense, and possibly under this sub- 
accounts for clerks’ salaries, executives’ salaries, office supplies, and 
similar items. The nature of the items which make up the indirect 
expense of manufacturing can be understood better after an examina- 
tion of the following list. Although it is sufficiently comprehensive for 
illustrative purposes, it is by no means complete. 


FACTORY EXPENSE 


Major executives’ salaries. 
Minor executives’ salaries. 
Clerks’ salaries. 

Office supplies. 

Foremen. 

Shop clerks. 

Inspectors. 

Truckers. 

Maintenance expense. 
Janitor service. 

Power expense. 

Tool expense. 


ADMINISTRATIVE 


Executives’ salarics. 

Clerks’ salaries. 

Ojfice supplies. 

Other administrative office expense. 

Legal expenses. 

Maintenance-—office equipment 
and building. 


Engineering expense. 
Oil. 

Waste. 

Soda water. 
Belting. 

Idle time. 
Scrap. 

Heat and light. 
Depreciation. 
Insurance. 
Taxes. 

Rent. 

Interest.! 


EXPENSE 

Depreciation—office equipment 
and building. 

Janitor service. 

Heat and light. 

Insurance. 

Taxes. 

Rent. 

Interest. 


SELLING EXPENSE 


Sales executives’ salaries. 
Clerks’ salaries. 
Office supplies. 
Office expense. 
Telephone. 
Telegraph. 
Postage. 
Sales research expense. 
Sales promotion expense. 
Advertising expense. 
Salesmen’s salaries. 
Salesmen’s commissions. 
Traveling expenses. 
Maintenance—office equipment 
and buildings. 


Depreciation—office equipment 
and buildings. 

Janitor service. 

Heat and light. 

Insurance, 

Taxes. 

Rent. 

Interest.} 


* Many accountants do not favor including interest on invested capital in the cost of 
production. 
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The original sources from which information regarding indirect 
expenses are obtained are material requisitions, operation tickets, 
vouchers or purely book transactions. In the case of the majority 
of factory expense items, these papers pass through various channels, 
depending on the particular cost procedure, to the cost department 
where they are collected under various expense accounts. 

Routine expense expenditures usually are charged to standing 
orders. Standing orders are orders, permanently open, to which all 
expenditures of a specified nature are charged. It is not necessary 
to open a separate account for each expenditure. Periodically, the 
total expense charged against each standing order is closed out and 
charged to the proper expense-controlling account. To illustrate, it 
would not be worth while to write up a cost card each time an order 
is issued to repair a machine. In most cases the knowledge that a few 
dollars had been spent in repairing a particular machine would not 
greatly assist the managenient of the plant. However, it is decidedly 
helpful to know the total amount of such expense in each department 
during a given period, and it may be necessary for accounting purposes. 
Suppose that in a system of mnemonic expense symbols the symbol 
D4MM is the charge symbol for machine repairs in department No. 4 
of the machine shop. When a machine breaks down, an expense order 
is written, using the above charge symbol to which all material and 
labor expended in repairing the machine is charged. D3MM would 
be the corresponding charge for department No. 3. If the expense 
accounts are closed out monthly, the total amount charged to this 
symbol is the total expense for machine repairs in this department for 
the month. The total of the DMM accounts gives the total machine 
repair expense in the machine shop. 

When it is necessary to pay such expenses as interest, taxes, in- 
surance, rent, and similar items, a voucher authorizing the issuing of 
a check usually is originated. Such vouchers are the bases of the 
charges for these items to the proper expense accounts. 

There are a number of indirect expense charges, such as those for 
depreciation, which are not made on the authority of operation tickets, 
requisitions, or vouchers. They result from purely accounting trans- 
actions. However, the principle by which they are handled is the 
same in so far as costs are concerned. 

In order to control indirect expense and account for it properly, 
some adequate, comprehensive classification of accounts is necessary. 
The scope and character of the various accounts should be clearly de- 
fined. Without such classification there is likely to be little uniformity 
and accuracy in making expense charges. Usually an account number 
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or symbol is assigned to each expense account. The expenses which 
come within the scope of the account are charged to the symbol for the 
account. The classification should be such that it lends itself to mana- 
gerial control. As stated previously, it is desirable that the executives 
receive periodic reports of those expenditures which are within their 
control. Fig. 81 shows a shop-expense report. A copy of this report 
for a particular shop is sent to the foreman of that shop. Another 
copy goes to the head of the production organization. As will be seen, 
a mnemonic classification of expense accounts has been used. 

The Distribution of Indirect Expense. In order to get total costs, the 
total indirect expense must be distributed over the various production 
orders by some method which will give the greatest accuracy of dis- 
tribution, with regard to the factors in the particular situation under 
consideration which affect manufacturing and costs. The method 
which will give the best results in one plant may not be the best in 
another. 

The intangible nature of a great many of the items which com- 
pose the indirect expense of manufacturing makes it practically im- 
possible to devise any method of distributing such expense over pro- 
duction, that will be exactly accurate. Jor this reason, the simplest 
system that will give reasonable accuracy in cost finding is the most 
desirable. Costs are a tool for managerial control, Unless increased 
accuracy will pay for itself by savings from better control, usually it 
is not warranted. Beyond a certain point, the expense of operating the 
cost department increases more rapidly than the benefits from increased 
accuracy. It is easy to pass this point of diminishing returns without 
realizing it. 

The indirect expense of manufacturing usually is one of the largest 
items in the cost of manufacturing. Therefore, the selection of proper 
methods of distributing this expense is an important problem. Most 
methods pro-rate indirect expense on the basis of the direct labor cost, 
direct material cost, the time required to complete the order, or a com- 
bination of these factors, because they can be collected for a given order 
with relative ease and accuracy. The following are some of the 
methods which have been used. 

Percentage on Direct Labor. The distribution of indirect expense on 
the basis of its percentage relation to the direct labor cost of manu- 
facturing is a method which is used in a great many plants. Usually 
the percentage of indirect expense to direct labor is determined from 
the actual results of the accounting period which has just closed. This 
percentage is applied to the direct labor costs of all orders processed 
during the succeeding period to get the proportionate share of the in- 
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direct expense that should be charged to each order. To make the 
method clear, 1t is assumed that for a given month— 


Total indirect expense has been....... 0... ee eee eee ences $125,000 
Total direct labor charges have been. ........... 0000 ce cece ence eee es 100, 000 
Total direct material charges have been... ...... 0.000 ccc eee eee ee ees 40,000 
Percentage of indirect expense to direct labor............0. 2000 eee eee 125% 


This percentage will be applied to the direct labor cost of all orders 
processed during the following months. Suppose that for a certain 
order— : 


DTECE Matel idl COSb.s5 6S sas 6 anced aha bist Oa eR ee ee eas $ 2.50 
PNPECCULADOF COSEs 22a cceGe a eee wa enw Oe ok eee oe Sele auiee eae 10.00 
Indirect expense charge © 


Total cost.of the order... 466 2g eae 684 oad boo awd eee eesteens $25.00 


If the total indirect expense or direct labor charges are greater or 
less than the figures on which the percentage was based, the indirect 
expense for the month will be over-absorbed or under-absorbed. The 
difference between the amount absorbed and the actual indirect expense 
for the month must be charged off to some account for unabsorbed 
expense, and eventually to profit and loss, or the indirect expense 
charges to the various orders must be adjusted by means of a supple- 
mentary percentage. 

If the books are closed monthly, it may be found that the percentage 
of total indirect expense to direct labor was 130 per cent. Inasmuch 
as the indirect expense was distributed on the basis of 125 per cent 
of direct labor, there will be a certain amount of the indirect expense 
which was not absorbed in production. Probably 130 per cent will be 
used as the basis of distribution for the next month, During periods 
of decreasing business the percentage will tend to increase continuously, 
and the cost of orders having the same prime cost will be greater in 
each succeeding period because the indirect expense of manufacturing 
does not fluctuate as widely as the prime cost, with fluctuations in the 
volume of production. Despite the fact that no more hours of labor, 
io more pounds of raw material, no greater use of equipment, or other 
factors which enter into production, are required to manufacture the 
product, its cost will appear to be greater. In a period when business 
is decreasing and prices are falling, the apparent trend of costs is 
opposite to the trend of prices. Costs cease to be of any great value 
in quoting prices, when computed by this method. Although expendi- 
tures for a large part of the indirect expense of manufacturing must 
be made whether we manufacture much or little, the failure to fill the 
plant with a normal volume of production is, to a large extent, the 
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fault of the management. The difference between the amount of in- 
direct expense that is absorbed by production, using a normal per- 
centaye on direct labor, and the actual amount of indirect expense, is 
a charge that should be made against the management when the plant 
has less than a normal volume of production. It is more proper to 
charge it to some profit-and-loss account than to spread it over a dimin- 
ished volume of production. A great many concerns that distribute 
indirect expense as a percentage of direct labor do not use a normal 
percentage, but the previous month’s percentage as described. The 
effect is to average indirect expense over present production, giving a 
view of costs which in many respects is misleading. 

There is a further objection to this method in that it takes no 
account of the variations in the costs of orders due to variations in the 
size and value of the equipment. Obviously, the order that requires a 
large expensive machine should bear a greater proportion of indirect 
expense than the order that requires only bench work. The machine 
requires greater floor space. Therefore the work done on it should 
bear a greater share of such charges as rent, light, heat, interest, de- 
preciation of buildings and general equipment, and similar items. Un- 
doubtedly the other items of indirect expense should be distributed 
over production in varying proportions depending on the value of the 
service required. If expense is distributed on the basis of a percentage 
on direct labor, ten dollars of direct labor expended at the machine 
will bear the same amount of indirect expense as ten dollars of direct 
labor expended at a bench. 

In addition, no account is taken of the varying speed and skill of 
workmen. A first-class man might be paid one dollar per hour, and 
take one hour to complete the job. A poor man might be paid fifty 
cents per hour and take two hours to complete it. In both cases the 
labor cost is the same. However, in the first case the skilled workman 
used the production facilities only one-half as long as the poor work- 
man did. Therefore the first job ought not to be charged with as 
much indirect expense as the second job. Using a percentage on direct 
labor, both jobs will be charged with the same amount. 

This method is widely used because it involves less clerical expense 
than some of the others which will be discussed. In cases where the 
labor cost forms the greater part of the prime cost there are no great 
variations in the size and value of equipment used, or all products pass 
through approximately the same processes, and the volume of produc- 
tion does not fluctuate widely, it will distribute indirect expense with 
sufficient accuracy. 

Percentage on Direct Material. In cases where a single product, or a 
few products, in which the direct material cost forms the greater part 
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of the prime cost, are manufactured, the indirect expense is sometimes 
distributed on the basis of a percentage of the direct material cost. 
Suppose that in a case of this kind the expenses for a given month 
are: 


Total indirect expense..............ccc0 cece aes Or Te ee rere $125,000 
Total direct labor charges............0 0... cc cece eee e ccc c eee ee cates 40,000 
Total direct material charges............ 0.0 cc cece c cee euceeceueeen 100, 000 
Percentage of indirect expense to direct material..............000000- 125% 


As in the previous case, this percentage will be applied to all orders 
processed during the following month. For a given order, the cost 
might be computed by this method as follows: 


Direct material COSC .c6:3.005.cce hdc Sacidodd poi wes dees Houck eS ee eek $10.00 
Direct JaDOr COSt 3 cee eden teds abs aek eto de ote uk eh eareewatee be as 2.56 
Indirect expense charge @ 125% of direct material charge.............. 12.50 

Total cost of the order... 1.0.0... ccc ec ce cc cence cence eeees $25 .00 


The percentage on direct material cost is open to the same criti- 

cisms as the percentage on direct labor. The collected costs tend to 
increase as the volume of production decreases. No account is taken 
of the varying use of manufacturing facilities and services by different 
orders. No account is taken of the varying speed and skill of work- 
men, and the effect of differences in the time taken for the completion 
of orders. In fact, it is less sensitive in this respect than a percentage 
on direct labor and is virtually obsolete. 
Percentage on the Prime Cost. The indirect expense may be dis- 
tributed on the basis of a percentage of the prime cost of manufac- 
turing. The principal advantage seems to be that it affords a broader 
basis of directly collected costs over which the indirect expense may be 
pro-rated. In addition, it may be somewhat more accurate in cases in 
which direct labor and direct material charges normally are approxi- 
mately equal parts of the total manufacturing cost. Assuming for a 
given month that we have the same total prime cost of manufacturing 
as in the previous cases, costs would be computed by this method as 
follows: 


Total indirect: Cx pense 05 «4b h.ctade tastes deen dodwcuemie reas shaun: $125,006 
Total indirect labor chargeS......... cece ccc e cece seen ee eee e eens 70,000 
Total direct material chargeS........... 0. cee cece cece eee etre ences 70,000 
Prime (OSE: 5 oo eins blend da Pe oh eee See nen pasewen te: 140,000 
Percentage of indirect expense to prime COSt............- cece eee eens 90% 


This percentage will be applied to all orders processed during the 
following month. For an order having the same prime cost as in 
the previous cases, the cost would be: 
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Direct material coSt......... 00 ccc ce cece cece nce ee ete es cereccacceses $ 6.25 
Direct labor COSts.oiis eae bie och bee ee Ue ee Baek Bee eee ee Gees 6.25 
Prine: COSti ec 6. hee eG oe ke Ae ee ME ed eS tie Bek aR Ee oe ea eta ees $12.50 
Indirect expense charge @ 90% of prime COSt.. 0... cece eee eee eee 11.25 

TOtal COSt <24. sis be het eho we eb oe ee ea ee ees $23.75 


The percentage on prime cost is not generally used. It is open to 
most of the criticisms of the previous methods. 
Percentage of Man Hours. One of the criticisms of the percentage of 
direct labor method is that it does not take sufficient account of the 
varying speed and skill of workmen, and the use that is made of pro- 
duction facilities and services. In order to give some opportunity 
for the influence of these factors to affect costs, indirect expense 1s 
sometimes distributed on the basis of a percentage of direct labor hours 
instead of direct labor cost. Assuming approximately the same cx- 
pense data for a given month, 
TOtal InGirec Expense 0.6sjunryudhetseat cee eyedwens tae yuae $125,000 
Assuming 1,000 employees, classed as direct labor, and that the plant 

averages 25 days per month, working 8 hours per day. 

lirect labor hours for month............0.- cece eee een ee eee eee 200), 000 
Indirect expense per direct labor hour............ cece cece eee ee eee $0.625 

This charge per hour for indirect expense will be made against the 
direct labor hours expended on each order processed during the fol- 
lowing month. For illustrative purposes, it has been assumed that 
the plant worked 200,000 direct labor hours during the past month. 
Actually, the exact number of hours would be collected by the cost 
department. 

If the prime cost of an order, processed during the following month 
is as shown below, its cost, computed by this method, will be: 


Direct: material Cost..d.c3.62cse cance ctaaewsG anes anata aa daceiaiwes< $ 2 50 
Direct lahor cost (20 hrs. @ $0.50 per hr.). oc ce eee ees 10.00 
Indirect expense (20 hrs. @ $0.625 per hr.). 0... eee eee eee 12.50 

PER GEAL COSE Tt areas eawieciartwe suey ise dds Glee dats alow osashntone an $25.00 


Indirect expense, to a large extent, is more closely related to time 
expended in producing the order than to direct labor or direct material 
costs. In cases where there are no great variations in the size and 
value of equipment, and the volume of production does not fluctuate 
widely, undoubtedly the percentage on direct labor hours will give a 
more reasonable distribution of indirect expense than any of the pre- 
ceding methods. 

In addition to relating costs more closely to the use that is made 
of production facilities and service, the distribution of indirect expense 
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is not affected by variations in wage rates. Two men may be perform- 
ing the same class of work with the same skill and efficiency. If one 
man has been employed ten years and the other only six months, it is 
probable that the first man will have an hourly rate that is considerably 
higher than that of the second man. Under some systems of wage 
payment, this will affect the direct labor cost of identical jobs done 
under the same conditions. If a percentage on direct labor cost 1s 
used, the distribution of indirect expense will vary accordingly. If a 
percentage on direct labor hours is used, the distribution will not be 
affected by the difference in rates, because under the conditions as- 
sumed, the time to complete the job will be the same in either case. In 
cases in which there are considerable differences in skill, this method 
usually will bring out clearly the fact that the skilled man at a high 
rate is cheaper than the poor man at a relatively low rate. 

In some cases, hourly expense rates are set up for each department. 
Where this is done, it is possible to charge the workmen's idle time 
to a department standing order for idle time, and to get the cost of 
such time in the various departments. Such information is often 
helpful in gauging the efficiency with which department heads manage. 
Machine Hour Rates. The machine hour rate method of distributing 
indirect expense is intended to get a still more rational distribution. A 
great many items of indirect expense are more closely related to the 
size and cost of the machine than they are to any of the cost factors 
which have been discussed previously. Such items as rent, light, heat, 
and taxes, can be related to the number of square feet of floor space 
that are necessary for the efficient operation of the machine. The 
interest on the investment, the depreciation, maintenance cost, and 
similar items are greater for the large, expensive machine than they 
are for the small and relatively inexpensive machine. If some one 
wished to have part-time use of certain machinery or equipment, it 
would be necessary to determine the proper amounts in which the 
indirect expense should be allocated to the individual items of ma- 
chinery and equipment in order that a fair and accurate hourly rental 
charge might be worked out for each item. If the equipment varies 
in size and cost, and is used to process work of a varying character, it 
is no less necessary that such rates be worked out because the company 
owns the equipment and operates it in its own interests. 

The degree of refinement in which the machine hour rate method 
should be worked out depends to a large extent on the character of 
the business. The machinery and equipment may be classified roughly 
according to size or value, or an accurate, detailed analysis of indirect 
expense and its relation to the individual items of equipment may be 
made. In either case, the number of hours which each machine or 
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class of machine is expected to run during a given period, is deter- 
mined. The expense allocated to each item or class of items is divided 
by the number of hours that it is expected to run to get the hourly 
charge that should be made against each order for the use of the par- 
ticular equipment. In determining rates, all benches and work-places 
must be considered as equipment as well as machinery. If the number 
of hours run and the expense for the period are exactly the same as 
that on which the rate was based, the expense for the period will be 
entirely absorbed by production. 

Suppose that in a given plant the equipment has been classified 
roughly according to its value. While in most cases such a classifica- 
tion would be too crude for actual use, it will serve to illustrate the 
method. The following items of expense are assumed, as in the pre- 
ceding examples : 


Total indirect expense, preceding year........ cece eccerecernceccoess $125,000 
GUIDO shock 01h CURE Ga wd oe ORR haa RSA SORT teas 100, 000 
Class A—10 machines valued @ $50,000 
Class B—20 - “< 30,000 
Class C—50 “20,000 
Allocation of expense on the basis of the above valuations. 
es A eras ad Sauna are eetsea she waa os Re rary ewe ea ees $ 62,500 
Class Becca eres be eau s Seen a Oa aaah ees eae 37,500 
CLASS Coca catnnculEw onan coow honed cake teaiiat ea esaaeee Se 25 ,000 
A OLA ca Shs ae Rai aes he Ga ae Hale Chee $125,000 
Hours run, assuming 2,400 hours per machine per year. 
Class: At 2 400 X10) cicitia she dott espe yt un pads eas war eueewe eal 24,000 
Class B02 400: X.. 20)". (2-e ah Geared radia wee een ee hemaw we wakes 48,000 
Class (2-400 X30). yet netane te ae rew ews ows pacees heawaees 120,000 
Machine hour rates. 
Class A (62,500 + 24,000)....... 0... ccc ccc cee ee ete e eee $2.6401 per hr. 
Class B (37,500 + 48,000)....... 0.0... cece cc cece eee eee 0.7813 “ 4 
Class C (25,000 = 120,000)........... cece eee e eee e eens 0.2083 “ “ 


On the basis of the prime cost and machine time, shown below, and 
using the above machine hour rates, the cost of the order would be 
computed as follows: 


Direct material Cost ec. ii hice nc sat aa civee liad Sexaadwendawkdos $ 2.50 
Direct 1a DOr: COs .< 246-45 aes sh cea cased ewes ee Wad ose tan eater 10.00 
Indirect expense 
3 hours —machine class A G $2.6401.......... 0.0... cece eee $7.92 
4y%y * ' © BG. 0 1813s okies essa eee 3.52 
> = = © CC @: 0.2083) 6 5s6icsbuedacdeiwetas 1.04 
12.48 





OLA COSE 1 aés. dc aliawie des hn id feel eis a ae te deals ok Wik ee car cee ed $24 .98 
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Even when some crude basis of allocating expense is used, such 
as that used in the above illustration, a considerable amount of detail 
work is required to make up rates for a number of types, kinds, and 
classes of equipment. Because of the expense involved, machine hour 
rates usually are not changed more often than semiannually or annu- 
ally, even though the indirect expense for a given month may be over- 
absorbed or under-absorbed. In some cases, standard machine hour 
rates, based on what is considered a normal amount of business and 
indirect expense, are used. The advantage of standard rates is that 
costs are more comparable, and are better indices of managerial efh- 
ciency, inasmuch as it is possible to compare the actual absorption by 
production of indirect expense at the standard machine hour rate with 
the normal absorption. 

Usually the indirect expense for a given month will be over- 
absorbed or under-absorbed. The difference between the actual in- 
direct expense and the amount absorbed may he pro-rated over the 
orders processed during the month by means of a factor, based on the 
amount of indirect expense already distributed to them by means of 
the machine hour rates. The objection to this method is that it 
involves a considerable amount of additional clerical work in figuring 
costs. Furthermore, it produces the effect of apparently increasing or 
decreasing costs due to a decreasing or increasing volume of business. 
It is better to consider the amount of indirect expense that is over- 
absorbed or under-absorbed as a credit or charge against the manage- 
ment, corresponding to its ability to keep the plant filled with work and 
operating effectively. In accordance with this concept, the difference 
between the actual indirect expense and the amount absorbed would 
be charged to an account for over-absorbed or under-absorbed expense. 
The balance in this account, at the end of the year, or some other con- 
venient period, would be charged to profit or loss. 

The objection is sometimes raised that often it may be necessary to 
use larger and more expensive machines for an operation than are 
required, for the reason that the equipment that is normally used is 
filled up with work and is not available. As a result, more than the 
usual proportion of indirect expense will be charged against the order 
on which the particular operation 1s performed. Inasmuch as the 
operation actually is more expensive, it is better that the additional ex- 
pense be reflected in the cost of the order. Otherwise, costs will not 
be an accurate index of manufacturing results. 

The machine hour rate method is well adapted to an accurate ac- 
counting for idle machine time. For reasons that have been discussed 
previously, an accurate account of such time 1s a valuable atd in factory 
management. 
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Expense Distribution by Production Centers. The production center 
method of expense distribution developed by Mr. A. Hamilton Church 
is a refinement of the machine hour rate method. 

Indirect expenses are collected as far as possible according to the 
particular departments that incur them. In some instances, a series 
of expense accounts is set up for each shop, to which its indirect operat- 
ing expense is charged. Fig. 81 is an example of the form in which a 
report of this expense is rendered to the department head monthly. 
In addition, other indirect expense of manufacturing is analyzed to 
determine what items can be allocated directly to each department 
and what must be pro-rated to them. Depreciation and _ interest 
charges for machinery can be departmentized on the basis of the 
character and value of the machinery and equipment in each depart- 
ment. The power used in driving the machinery can be metered. 
However, there are many items that must be pro-rated. Interest, 
depreciation, and other expenses connected with land and buildings 
can be pro-rated over the different departments on the basis of their 
floor area. The expense of heating and lighting can be pro-rated on 
the same basis. An analysis must be made of the various items of gen- 
eral indirect expense to determine what is the best basis for pro-rating 
them over the various departments. 

Within the department, the equipment is divided into a number of 
production centers. A production unit may be a single machine, a 
group of machines of the same class, a group of machines not of the 
same class but which are used to perform a specific process, or merely 
a work-place, such as a bench. J[fach production unit, with the floor 
space necessary for its operation, is called a production center. 

Where possible, the indirect expense of the department is allocated 
directly to each production center. In the case of the interest and de- 
preciation charges, to which reference has been made previously, the 
charges for the machinery and equipment in each production center can 
be made directly against the center. The department power charge 
can be pro-rated over the equipment on the basis of the rated horse- 
power of each machine. The gencral indirect expense charges which 
have been charged to the department can be pro-rated over the produc- 
tion centers on the basis of the floor space required by each center. 
When all of the indirect expenses have been broken down against the 
various production centers within the department, we have an annual 
charge against them which may be considered as a rent for the plant 
and organization services which they receive. 

Assuming that the expense and the volume of production during 
the succeeding year will be approximately the same, the indirect ex- 
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pense should be ‘absorbed by the orders processed during the year, in 
proportion to the use which they make of the various production cen- 
ters. In order to get an hourly machine charge to be made against 
orders, the total expense charged against each center is divided by the 
total number of machine hours which each center should run during 
the year. If an order uses a given machine in a production center for 
two hours, it is charged for the use of the machine at the machine hour 
rate for the particular production center. 

To give a simple illustration of the production center method, data 
will be assumed only for the indirect expense of taxes, insurance, light, 
and heat. While there are many other items of indirect expense which 
would ordinarily be included, their inclusion would merely complicate 
the illustration without clarifying the principle further. 


PRODUCTION CENTER METHOD 


Tiems Annual charge 
TT OKCS 4.00265 Gate salen hb eee he ik rs Bw RAH She ee he eee SSS sk $10,000 
IASUPATICE. 62.555 heros meek otaainen vee bud eee eet eeeieea Sade 1,200 
MYON Usa ee ike Sictonl oe 5 eset Suncaaus ante 8 Gra oaa a i acteaiakntee tran & weeeean ates 2,400 
FA Caretta, Neale aia hia costae Rae Pes ne eA d ce late Sp eae chet ple ce 5,000 

$18, 600 

De partments Net floor space 
SST NCN DO” feieees eerste ees tear ated eter cae iy a ak ete see 2,000 sq. ft. 
NO a ilscet Awe tos soe Mane charade ler e/auh odes wary oso aban Detara gb e4 aioe 3,000 “ * 
DNON? Col Swden eels bola cawab ea cuss ta op. aac emeu nage meet 5,000 “ “ 

TOCA: atc aied. tad de bese eats ears atea teas 10,000 “ “ 


The pro-rata charge for these items, then, is $1.86 per square foot. 


PRO-RATA SHARE OF EXPENSE 


Departments Pro-rata share 
Shop Ae (S80 SQ es at cee tuck eae keh ee tue hnaane es Maneses $ 3,720 
SHOP Re EES EN i os isch taal ete tat inde aa ew pen io drone oa ansie acre 5,580 
SOPs Cy ys Soo AW) Foes t ade me nega eerie atta nied marancat 9,300 

Totalex Dense saiet se eionisotdace eae teeuata ret eecohe set $18, 600 
FLOOR SPACE ASSIGNED TO PRODUCTION CENTERS 
SHOP “A” 

Production centers Floor space 
Center NOt iaicoes te Siesta senerosns betes seen eee: 400 sq. ft. 
Center NOs 2 ini b iad worn ae ee eee Jew see dete eas 700 “ « 
Center NO: 3.6 onshnsel ede see Ceetw ead oe area ee daw ees 600 “ “ 
Center NO: 4) ace .wecs dete yrs mentee tatea ee ei ateassaes ee 300 “* “ 


Total floor Space, Shop Ae oss eee eo hedetedesansascusndus 2,000 “ “ 
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PRO-RATA SHARE OF EXPENSE ASSIGNED TO EACH 


PRODUCTION CENTER 
Pro-rata exp, 





Production centers 
Cece N Ge ledeke See PERI RE as RE go ee Ra eames . 744 
Conitet NOo2 vu Soabban dee ree eeen eA Re TENS eas A ee Teas , , 302 
Cacter Nos 8: cagicn seo ea ee PS PERRO wR ,116 
Center NO. bocce cece cnc cent eet eee nnn een n etn e ten eeas 558 
$3,720 


ee ern a ee Pg 


Total expense, Shop “A” 

If there were 10 machines in production center No. 1, and each 
machine were operated normally for 200 hours per month, there would 
be 24,000 machine hours available per year. Therefore, that part of 
the total machine hour rate for production center No. 1 that represents 
taxes, insurance, light, and heat, would be $0.031. 

Assuming the following machine hour rates and cost data, the cost 
of an order would be computed by the production-center method as 


follows: 
MACHINE HOUR RATES 


Production Center No. 1......... 0c cc cece cece cere ee even en eves eens . $0.78 
Production Center No. 2........0.0 00.0 ccc cee tence eee eevee teen ntees 0.63 
Production Center No. 3.0.0... 0.0... ccc cece ee eee teen n eee eee eeeenes 1.17 
Production: Center NO.-4 ids gy doen ree deen bead dea tae heawieoss hws 1.36 
COST OF ORDER 
WMAP AN seo oie fies Bae ois ha FeLi oe eae io a eehaget pna ee yale A $ 2.50 
Ta DORs gicavn oe wietiedna a ete ected tanh & atedere bate, aha atamusote pave Sink 10.00 
Indirect expense 
4 hours, Production Center No. 1 @ $0.78................05. $3.12 
5 hours, Production Center No.2 @ 0.63................... 3.15 
4 hours, Production Center No.3 @ 1.17...............0005 4.68 
3 hours, Production Center No.4 @ 1.36................... 4.08 15.03 
OLA COSU Aa -tx ame hnd.o hes Saar eea ean e baeaeaneer ae eee aes $27.53 


Fig. 129 shows the composition of the expense charged against a 
group of closely allied departments in a large munitions plant operat- 
ing during the War. This expense was pro-rated against the production 
centers in these shops in the manner shown above. The machine hour 
rates are shown in Fig. 130. 

As previously pointed out, it is seldom that the machine hours actu- 
ally run will equal the machine hours available during any given period. 
In Fig. 129 a shop factor has been worked out by means of which the 
unabsorbed expense can be distributed over the orders processed during 
the month. Such distribution involves considerable work, and its 
propriety is doubtful. It is better to charge the over-absorbed or 
under-absorbed expense to some account for such expense, and eventu- 
ally to profit and loss.! 

1See page 431. 
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The routine of collecting costs by the production-center method 
involves more work than any of the preceding methods. When the 
operation tickets have been extended to get the labor cost of the order, 
they must again be extended to get the machine cost. The operation 
ticket shown in Fig. 40 has spaces at the bottom in which can be 


MACHINE BURDEN ADJUSTMENT AND SHOP FACTOR FOR 
C. F. SHELL SHOPS—MAY, 1917 
Total Machine Shop Mach. Machine Per cent 
expense burden fac- hrs.avail. hours machine 
earned tor 48-hr.wk. run activity 


Se EE ME Eee 


C. F. drawing........ $ 27,151 $18,010 1.5 36,800 22,694 61.6 
C.F. cut-off 3c shaves 9,329 6,693 1.4 15,467 11,040 71.6 
C. F. heading........ 29,559 10,610 2.8 19,360 10,056 52.0 
C. F. reducing........ 13,948 4,882 2.9 10,452 4,084 39.1 
C. F. priming........ 12,072 6,350 1.9 8,929 6,056 68 .0 
C. F. trimming....... 10,998 9,071 1.2 22,428 12,447 55.5 
C. F. s. inspection. ... 8,427 2,595 3.2 43,550 16,155 37.1 
C. F. gas anneal...... 2,205 875 2.5 5,809 1,620 26.9 
DOtal ec ashaw heen $113,689 $59,086 1.9 162,795 84,152 51.6 
EXPENSE DISTRIBUTION OF C. F. SHELL SHOPS 
FOR MAY, 1917 

Control. Pro-rated Pro-rated Total 

exp. incl. aux. exp. general expense 

pro-rata includ. expense 

group dept. 
office office 

expense expense 
C. F. drawing...........-. $12,603 $ 6,705 $ 7,843 $ 27,151 
oP COTM ged. 4 trae sasroatereis 5,044 1,911 2,374 9,329 
C. F. heading............. 16,176 3,473 9,910 29 , 559 
C. F. reducing............. 7,666 2,412 3,870 13,948 
C. F. priming............. 7,565 1,740 2,767 12,072 
C. F. trimming............ 5,691 1,927 3, 380 10,998 
C. F. s. inspection......... 3,870 1,720 2,837 8,427 
C. F. gas anneal........... 1,108 437 660 2,205 

WOU) chan ote edad Genes $59,723 $20, 325 $33,641 $113,689 
Special Product............ $ 1,044 $ 418 $ 974 $ 2,436 
FIG. 129 


entered the machine hours, the machine hour rate, and the machine cost 
or indirect expense to be charged against the order. The machine cost 
is entered on the cost card for the order. 

Furthermore, in order to account for the absorption of indirect ex- 
pense, what amounts to a machine payroll must be kept. When the 
operation tickets have been sorted first according to employee’s name 
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and number and then according to order number, for payroll and cost 
purposes, they are sorted according to department number and machine 
symbol, The machine hours run by each class of machine or produc- 
tion center in each department are posted to a machine hour record 
for the particular department. Figs. 131 and 132 show such a record. 
Each vertical column is used to record the hours run by each produc- 
tion center. The horizontal divisions are for each day of the month. 


SUMMARY OF RELATIVE COST NUMBERS FOR MACHINES IN 
THE C, F. GROUP 





Relative cost numbers 


B=C+D+E+F Total Total —Apportioned charges Total 
rate apport. Fixed Auxil. Auxil. Anni. Direct No. 
A=B+G charges charges expense exp. and  control- — of 
and other _ctge. wash. lable — mchs. 

Use A and G on cur- bldg. depts. dept. expense, 
rent reports and rec- rntl. inclg. 
ords. grp. off. 
Machine Svmbols A B G D E I C 
Drawing 

PDD (each side)... $ .78 $ .73 $ .05 $ .07 $ OF $ .18 §$ .44 30 

AJl other machs....  — .78 73 .05 .07 U4 18 44 137 
Cut-off 

All machines KCA. _ .63 58 .05 .09 .04 .10 .35 71 
Heading 

PHH (horizontal)... 1.17 1 07 .10 .09 07 07 84 62 

PHV (vertical).... .87 83 04 07 07 .06 63 24 
Reduce 

PPR Aisin ein eae 1.36 1.27 .09 09 .08 14 .96 

All other machines. 1.14 1.06 .08 .08 07 13 18 41 
Gus anneal 

All machines...... 54 .46 .08 .05 .05 .36 27 
Trim 

All machines...... 15 . 68 .07 .04 .02 .05 .57 100 
Prime 

All machines. ..... 1.05 1.00 .05 .08 .08 .14 720 Al 
Inspection 

Per operator hour.. = .45 .39 .06 .02 .07 30 

FIG. 130 


At the end of the month, the hours run by each center are totaled. 
This total, divided by the total hours available, gives the machine hour 
activity percentage for each center. The total hours run, multiplied 
by rate “A,” gives the total indirect expense that has been absorbed. 
When multiplied by rate “B,” the controllable expense that has been 
absorbed. The total indirect expense charged to the department for 
the month divided by the total indirect expense that has been absorbed, 
gives factor “A.” The controllable expense for the month divided 
by the controllable expense that has been absorbed gives factor “B.” 
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The controllable expense for the month is shown on the shop expense 
report.! 

The advantages and disadvantages of the production-center method 
are similar to those of the conventional machine hour rate method 
and have been discussed previously. In cases where there is a wide 
variety of work and equipment, and the work is nonstandard or such 
that the products do not flow through the plant in sufficient volume 
for reasonably continuous production, it may often be used advan- 
tageously. The greater expense in collecting costs is offset by the 
greater accuracy in costing and the better control of manufacturing 
activities which is possible with more accurate and detailed cost and 
expense reports. However, for the majority of plants manufacturing 
a standard line of products, the production-center method may be too 
expensive to be justifiable. 

Closing Out the Order. When the work on an order has been finally 
completed, some notice that the order has been closed out must be for- 
warded by the production department to the cost department. Upon 
receipt of such notice, the cost card for the order must be checked to 
see that all cost data have been received and recorded. The final cost 
of the order is then figured. The card is removed from the active file 
of cost cards. 

Summarizing Costs. In order to judge the results for a given order 
and to follow the trend of costs, the final cost of the order may be 
entered on a comparative cost card. A card of this kind is shown in 
Fig. 133. The relation of the cost of the order to previous orders is 
immediately apparent. Periodically, the comparative cost cards on 
which important changes have taken place should be brought to the 
attention of the managing executive. 

Controlling Accounts. In order to control the various direct and indi- 
rect expenses of manufacturing, the accounting system requires a large 
number of accounts. The various receipts and expenditures are classi- 
fied. The accounts for those of a similar nature are grouped together 
in subsidiary ledgers which are summarized, by means of controlling 
accounts, in the general ledger. The final financial expression of the 
results of manufacturing activities is obtained in this ledger. Con- 
trolling accounts, then, are summary accounts into which the totals in 
the subsidiary ledgers are closed. 

The cost cards are the plant work-in-process accounts. Periodicaly, 
the cost cards are totaled and the totals posted to work-in-process 
controlling accounts. There may be a number of such accounts rep- 
resenting various classes of product. Usually the postings are made 
monthly. Similarly, the cost cards which have been closed out during 


1 See Fig. 81. 
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the month are totaled, and the totals are charged to controlling accounts 
for finished stores, and credited to the controlling accounts for work 
in process. The production organization is relieved from further 
physical and financial responsibility for the product completed during 
the month. 

It is possible to collect costs independently of the accounting sys- 
tem. However, it is the modern practice to tie the cost accounts into 
the general ledger because it affords a more unified control. 
Prospective Costs. Prospective costs are intended to show in advance 
of manufacturing what the costs of the product should be. They are 
of two kinds—standard and predetermined. 
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, 34988 36 8-16 «=XCEMPARATIVE COST Cate 

FIG. 133 


A CoMPARATIVE Cost Carp 


Standard costs are intended to represent a normal cost for the 
product. In some cases they are the average cost of the product over 
a period of time which is considered to be normal. In others, they 
are the result of a careful estimate of the cost of production under 
normal conditions. The labor costs may be determined from time 
studies of the various operations on the product. The material costs 
may be estimated from bills of material furnished by the engineering 
department. The indirect expense may be analyzed and its normal 
amount and relation to product costs determined. Standard costs are 
useful in determining the financial requirements for a coming period. 
They are valuable as a basis of comparison with actual costs. In- 
direct expense by departments, material and labor costs by classes of 
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product, and other cost items may be compared with standard costs for 
these items. With proper comparative cost reports, any variation from 
the standard is immediately brought to the attention of the manage- 
ment, Inasmuch as manufacturing conditions are continually chang- 
ing, it may be necessary to revise the cost standards periodically to 
retain their comparative value. Obviously, standard costs are of great- 
est value when the product is standard and manufactured in large 
volume. 

Predetermined costs forecast what the costs should be during a 

forthcoming period. They are scientific cost estimates based on time- 
study data, bills of material, studies of spoilage, indirect expense varia- 
tion, and other cost data, modified by probable economic developments 
during the period under consideration. Jnasmuch as they apply more 
specifically to a particular period, they are a more valuable basis for 
judging financial requirements, and the results that are being obtained. 
Predetermined costs may be derived from standard costs by applying 
percentages to them which will correct for increases or decreases in raw 
material and wage rates, and the effect of any changes in the volume of 
production on indirect expense. 
The Cost Accountant. Jt will be seen from the preceding discussion 
that the cost accountant has a function which, if properly developed, is 
a valuable aid to both financial and production management. It is 
the financial inspection of production activities. 

The cost accountant must have a thorough knowledge of accounting 
for the proper operation of his department and its coordination with 
the accounting department. In addition, he should be conversant 
with production problems and production methods. Otherwise the 
cost methods may not be developed to give the greatest possible aid to 
the factory management. In fact, a lack of such knowledge may result 
in costs which do not show a true picture of the situation. 

In modern organizations, his position is one of importance and re- 
sponsibility, requiring a valuable combination of qualities. 
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price clauses in, 240 
purchase clauses in, 241 


Control, and supervision, proper adminis- 
trative and executive, 82 
definition, 84 
four fundamental steps in, 84 
of operations, flow, 150 
of operations, order, 135 
Controlling accounts, 438 
inventory, 254-276 
Cost, accountant, the, 440 
control, advantages of, 410 
control, functions of, 409 
Cost department, the, 64 
Costs, classes of, 411 
closing out, 438 
direct. labor, 417 
direct material, 412 
clements of product, 411 
nature of product, 410 
prospective, 439 
summarizing, 438 
Credit slip, the stores, 258 
Credits and collections, 62 


Day-wage method of payment, the, 355 
Demand for the product, the determi- 
nation of, 118 
Development of man, the economic, 1 
Differential piece rate, the Taylor, 356 
Discounts, 243-245 
Dispatching, and the control of operations, 
143 
function of, 112 
in the shop, 158 
Double-bin system of stowing, the, 284 


Education and training section, the, 68 
Education section, functions of, 383 
Educational activities, employee, 383 
Engineer, the chief, 95 
Engineering department, the, 71-95 

organization of, 96 

planning and scheduling in, 98 
Emerson efficiency plan, 359 
Emplovee representation, 379 

growth of, 382 

plans, types of, 380 

results of, 382 
Employee's history card, 315 
Employee’s introduction to the foreman, 

314 

Employee's rule book, 319 
Employment section, the, 68 
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446 


Examination of Applicants, medical, 314— 
321 
Examination of employees, 323 
Executive nomenclature, 58 
Expenditures, handling routine, 423 
Expense, indirect, 420 
order, the, 220 
reports, shop, 272 


Factory construction, types of, 26 
Fatigue allowances, 204 
Files, the, 403 
purchasing department, 235 
Filing, methods of, 404 
First-aid work, 325 
Flow control, in the shop, 162 
of operations, the, 150 
Flying squadron, the, 387 
Formula, time study, 203 
Functions, classification of, 77 
proper performance and control of, 77 


Gantt, H. L., 8 
stores ledger card, the, 251 
system of stowing, 286 
task and bonus plan, 359 
Gilbreth three-position plan of promo- 
tion, 387 
Grievances, handling employce, 378 
Group insurance, 364 


Halscy premium plan, the, 358 
Heating and Ventilating, 40 
History card, employees, 315 
Housing, employce, 369 


Illumination, artificial, 36 
importance of good, 33 
intensities of artificial, 37 
natural, 33 
types of, 38 

Tiiumination and _ production, 

between artificial, 36 
Incentive wages, separate payment of, 354 
Incentives, plans, extra, 362 
provision of adequate, 85 
Indirect expense, distribution of, 424 
machine-hour rate method of distrib- 
uting, 429 

nature of, 422 

percentage on direct labor method of 
distributing, 424 

percentage on direct material method 
of distributing, 426 

percentage on man hours method of 
distributing, 428 

percentage on prime cost method of 
distributing, 427 


relation 
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Industrial developments following the 
Civil War, 6 
Industrial revolution, the, 4 
Industrial stage, the beginnings of, 2 
Industries, types of, 114 
Industry in Amcrica, development of, 4 
Inspection, extent of, 176 
factors affecting the work of, 170 
function in the shop, the, 160 
major types of, 171 
methods of, 172 
reports, 175 
sampling, 173 
Instructions, definite written, 79 
standard practice, 86 
Insurance, group, 364 
Interchangeable manufacturing, 7 
Interferences with production, 147 
Internal transportation section, 292 
Interview, the employment, 311 
Introducing the worker to the job, 318 
Inventories, physical, 258 
protecting against. shortages, 284 
Inventory, controlling accounts, 254 
control of values, 252 
patrolling, 287 
Invoice, the, 243 


Job analysis, 328 
method of making the, 328 
Job classification, 331 
Job specifications, 332 
Job studies, 199 


Labor, audit, the, 396 
costs, direct, 417 
costs, indirect, 421 
journal, the, 311 
requirements, determination of, 308 
requisition, the, 311 
supply, sources, 305 
turnover, analyzing, 394 
causes of, 394 
cost of, 393 
data, obtaining, 393 
definition, 390 
kinds of, 394 
methods of computing, 391 
nature of, 390 
significance of, 392 
Ledgers, the stores, 249 
Length-of-service plans, 364 
Libraries, plant, 385 
Light, artificial, 36 
intensity and distribution of, 33 
providing the maximum, 35 
Lighting, methods of, 39 
requisites of good, 37 


INDEX 


Lighting conditions, analyzing, 40 
Lights, types of, 39 
Lot size, law of economic, 110 


Machinc hour rates, 429 
Machine studies, 197 
Mail service, 402 
Maintenance department, the, 216 
functions of the, 219 
organization of the, 216 
purpose of the, 216 
Maintenance inspection, 221 
work, standards for, 224 
Management, definition of, 10 
methods, the development of, 8 
the field of, 82 
types of, 83 
Manufacturing, types of, 116 
Manufacturing communities, large, 17 
small, 18 
specialized, 20 
suburban, 19 
Material, charges, direct, 412 
control, functions of, 226 
importance of, 225 
law of, the, 110 
organization for, 228 
phases of, 227 
work of, 227 
Materials division, the, 69 
Material costs, indirect, 421 
Material file, the purchasing department, 
235 
Material handling, 288 
equipment, Formulas for determining 
the economy of, 292 
types of, 290 
Material requisitions, the, 256 
Material specifications, 235 
Materials, stowing, 283 
symbolizing, 266 
Maximum ordering quantity, the, 261 
Medical section, the, 68 
Medical and health work, the scope of, 321 
Medical service, the cost of plant, 326 
Messenger service, 400 
Methods department, the, 72 
Micro-motion study, 212 
Minimum ordering point, the, 259 
Minimum stock, the physical, 286 
Mnemonic symbols, 268 
Motion study, 187 
Mutual benefit association, the, 371 


Nomenclature, executive, 58 


Office, equipment, selection of, 407 
layout, 406 
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Office, manager, the, 65-399 
management, the development of, 398 
manager’s organization, 400 
performance standards, 407 
service, 406 

Operating standards, law of, 110 

Operation tickets, 130 
use in collecting direct labor costs, 418 

Order of work, the, 147 

Ordering quantities, economical, 261 

Orders, closing out, 154 
in the shop, the closing out of, 162 
primary purpose of factory, 128 
types of, 125 

Organization, charts, 41, 55 
committee, 53 
financial, 63 
functional, the, 47 
fundamental considerations in, 41 
general functions of the industrial, 60 
line and staff, 45 
meaning of, 41 
Mtterson, 50 
production, 66 
of the production department, 103 
purchasing, 230 
secretary's, 65 
stores, 277 
sub-departmental, 52 
Taylor functional, 48 
types of, 44 

Otterson Organization, 50 


Parkhurst differential bonus plan, 360 
Pension plans, 363 
Personnel department, the functions, pur- 
poses and work of the, 300 
Personnel, management, the development 
of, 300 
manager, the, 302 
office layout, 307 
organization, 304 
Piecework, guaranteed, 356 
system, the, 355 
Piece-rate cutting, 352 
Planning, and routing of orders, the, 128 
and scheduling in the shop with order 
control, 156 
centralized and decentralized, 124 
function of, 105-111 
law of, 109 
records, the, 129 
Planning board, the, 157 
Planning department, the duties of the, 
123 
Plant, importance of the, 22 
capacity, the control of, 140 
layout, 29 
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Plant, location, 13 
major factors affecting, 13 
minor factors affecting, 16 
locations, relative advantages of differ- 
ent, 20 
sites, classes of, 17 
Policy, 75 
Power department, the, 72 
Preparation, function of, definition, 143 
in the planning office, 142 
Pricing stores requisitions, methods of, 
252 
Principles, Taylor's, 10 
Production, laws of economic, 108 
laws of mass, 109 
papers, writing the, 130 
program, definition, 120 
program, determination of the, 119 
standards, guarantee of, 352 
standards, setting, 191 
Production control, and types of industry, 
114 
and types of manufacturing, 116 
fundamental principles and Axioms 
affecting, 108 
in the shop, 156 
law of, 109 
meaning of, 99 
types of, 116 
under conventional Management, 100 
under scientific Management, 101 
Production department, organization of 
the, 103 
Production division, the, 66 
Progress, reports, flow control, 151 
reports, order control, 150 
Promotion, and the Worker’s interests, 345 
charts, 348 
from within the organization, 346 
in pay, 349 
policy, the, 346 
working out the lines of, 347 
Psychological tests, administration of, 338 
correlation with actual results, 342 
for the selection of applicants, 338 
purpose of, 338 
selection of the, 341 
Purchase order, the, 243 
closing out the, 248 
Purchase requisition, the, 233 
Purchasing, methods, 232 
on contract, 233 
organization, the, 230 
speculative, 233 
work of, 230 
Purchasing Department, the, 69 
files, 235 


INDEX 


Quality, definition, 164 
factors in the control of, 167 
responsibility for, 170 
standards, determination of, 167 
standards, deviations from, 174 
Quality control, advantages of good, 165 
importance of, 164 
laws of, 110 
organization for, 168 
Quotation file, the purchasing depart- 
ment, 235 
Quotations, 241 


Rating, scales, 334 
tendencies, correction for, 336 
Ratings, value of proper, 337 
Records, development of, 81 
planning department, 129 
Receiving department, 277 
Recreation, employee, 367 
Reflectors, light, 38-40 
Repairs, emergency, 219 
Reports, adequate system of, 80 
charactcristics of good, 80 
Requisitions, labor, 311 
material, 130-256 
methods of pricing material, 252 
purchase, 233 
Restaurant, the plant, 368 
Route sheet, the, 135 
purpose of, 132 
Route tags, 132 
Routine charts, 91 
Routines, interdependency of, 86 
Rowan premium plan, 358 


Sales department, 61 

Sales planning, 62 

Sales promotion, 61 

Salvage department, 70-292 

Sanitation, plant, 325 

Scheduling, function of, 105-112 
interferences with production and, 147 
principal factors in, 135 
two general classes of, 137 
with order control, 137 

Service, organization, employee, 366 
section, employee, 68 
work, nature of employee, 366 

Shipping department, 279 

Shop committees, employee, 379 

Shop paper, employces, 384 

Simplification, and specialization of prod- 

uct, the law of, 108 

and standardization, advantages of, 297 
and standardization, objections to, 299 
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Simplification, and standardization, two 


kinds of, 297 
definition, 296 
results of, 298 
Specialization, law of, 77 
Specifications, job, 332 
material, 235-266 


Staff indirect expense, relation to produc- 


tion, 47 
Standardization, definition, 296 
law of product, 108 
material, 264 
of working conditions, 184 
Standards, applying production, 195 
development of, 78 
effect on the organization, 178 
effect on the worker, 179 
for maintenance work, 224 , 
phases in determining production, 181 
practice instructions, 86 
practices, control of, 89 
principal factors affecting production, 
184 
Stenographic service, 405 
Stock, changes in location of, 287 
surplus, 287 
Storage spaces, symbolizing, 282 
Store-room layout, 281 
Stores department, the, 70 
gencral classification of, 226 
ledyers, the, 249 
Stowing materials, 283 
Sub-orders, production, 132 
Suggestion systems, 376 
Supervision, definition, 84 
Symbol, definition, 267 
systems, alphabetical, 268 
mnemonic, 268 
numerical, 267 
Symbolizing materials, 266 
System, 74 
adequate system of reports, a factor in, 
80 


definite written instructions, a factor 


in, 79 

development of records, a factor in, 81 

development of standards, a factor in, 
78 

fundamental considerations in the de- 
velopment of, 74 

importance of, 74 

policy, a factor in, 75 


proper performance and control of 
functions, a Factor in, 77 

provision of adequate incentives, a 
factor in, 85 

training of the organization, a factor in, 
80 


Taylor, Frederick W., 8 
Taylor functional organization, the, 48 
‘Taylor differential piece rate, the, 356 
Taylor’s principles, 10 
Thrift, the promotion of, 373 
Time study, analyst, qualifications of the, 
211 
approach to the, 185 
data, classification and codification of, 
194 
development of, 177 
formule, 203 
Merrick’s method of, 188 
nature of production standards and, 177 
standards, verifying the, 208 
taking the, 187 
Time studies, analyzing, 191 
classes of, 182 
job, 199 
machine, 197 
Time work with production standards, 357 
Tool and equipment lists for use in plan- 
ning, 133 
Trade tests, 343 
Training, of the organization, the, 80 
on the job, 386 
shop, 386 
supervisors, instruction by, 387 


Unclassified Material, Handling, 258 
Understudy System, 387 
Units Of Issue, 256 


Vendor’s record, the, 236 
Ventilation, 40 

Vestibule school, the, 389 
Visiting nurse, the, 324 


Wage, classification, 350 
differentials, 350 
incentive plans, 351 
payment in proportion to production, 
351 
Wages, base, 349 
determination of base, 349 
readjustment of base, 353 
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